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SUBSTITUTION OF CHOLINE BY RELATED COMPOUNDS 
AND FURTHER STUDIES ON AMINO ACID REQUIREMENTS IN 
NUTRITION OF PHORMIA REGINA (MEIG.)! 


By ErRNEst HopGson, VERNON H. CHELDELIN, AND R. W. NEWBURGH? 


Abstract 


Phormia regina grown on a chemically defined diet under sterile conditions 
has been shown to have a specific dietary requirement for choline. The present 
work shows that carnitine and 2,2-dimethylaminoethanol can completely 
replace this in the diet whereas betaine is ineffective in this respect. Deletion 
of single amino acids from a mixture of 18 adequate for growth has previously 
shown the following 10 amino acids to be essential: arginine, histidine, leucine, 
lysine, phenylalanine, threonine, tryptophan, valine, proline, and isoleucine. 
The present work shows by the inability of the organism to grow on these 
essential amino acids that this method is not adequate to detect amino acid 
combinations for which alternate requirements exist. By the deletion of 
groups of two or more amino acids it has been shown that P. regina has a dietary 
requirement for either methionine or cystine and for either glutamic acid or 
aspartic acid. Growth on the 10 essential amino acids is stimulated by yeast 
extract. This is apparently not due to a simple replacement of missing amino 
acids, since the addition of yeast creates an increased requirement for thiamine. 


Introduction 


Previous work in this laboratory showed that a completely chemically 
defined diet supported the development of Phormia regina from egg to adult 
under sterile conditions. By deletion of single amino acids or vitamins from 
this diet the following were found essential for growth: arginine, histidine, 
leucine, lysine, phenylalanine, threonine, tryptophan, valine, proline, and 
isoleucine and the vitamins thiamine, nicotinic acid, pantothenic acid, choline, 
pyridoxine, and riboflavin (7). 

Fraenkel and Blewett demonstrated carnitine (vitamin B 7) to be a specific 
dietary requirement for Tenebrio (4, 2) and a few closely related insects. 
Fraenkel (3, 5) further showed that the insects P. regina and Dermestes 
synthesized carnitine on carnitine free diets, that it was an effective replace- 
ment for choline in the diet of Drosophila melanogaster, that it could effect a 
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Oregon State College, Corvallis, Oregon. Issued as Research Paper No. 302, School of Science, 
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partial replacement in the diet of Lasioderma serricorne, but that it was 
ineffective in this respect for Palorus ratzeburgi and Blatella germanica. 

The effectiveness of betaine as a replacement for choline also varies from 
one insect species to another. Noland and Baumann (8) have shown betaine 
to be a suitable substitute for choline for B. germanica whereas 2,2-dimethyl- 
aminoethanol was ineffective. The results from the present work show that 
these compounds play a different role in the nutrition of P. regina. 


Methods 


The composition and preparation of the basic chemically defined diet used 
in this work has been described previously (7). This diet consisted of a 
mixture of 18 amino acids, nine vitamins, and an organic salt mixture, as 
follows: alanine, arginine, aspartic acid, cystine, glutamic acid, glycine, 
histidine, hydroxyproline, isoleucine, leucine, lysine, methionine, phenyl- 
alanine, proline, threonine, tryptophan, tyrosine, and valine; thiamine, 
riboflavin, nicotinic acid, pyridoxine, pantothenic acid, inositol, choline, folic 
acid, and biotin; and NaCl, KCI, CaCh, NaHCO3, NaH2PO,, and KzeHPOs,. 
In addition RNA, cholesterol, and agar were added. In all experiments 
involving reduction of the number of amino acids present the total nitrogen 
concentration was maintained at the same level as in the basic diet. 
pDL-Carnitine HCI was kindly furnished by Dr. G. Fraenkel of the University 
of Illinois and Dr. W. Bromer of Eli Lilly Laboratories. The results were 
similar with both preparations. The following were all commercial prepara- 
tions: yeast extract (Difco), betaine (California Foundation for Biochemical 
Research), and 2,2-dimethylaminoethanol (Eastman). 

Eggs were sterilized by immersion in 0.5% zephiran chloride. Tubes were 
inoculated in triplicate. 


Results 


In previous studies of Phormia growth requirements, change in length of the 
larvae was followed. Although this method has proved useful for recording 
the all-or-none growth effects of the essential amino acids or vitamins, it has 
recently been found less reliable for quantitative measurements than assays 
based on weight gain. Qualitatively, it can be shown with either assay that 
growth and pupation are more rapid on a casein diet than on a mixture of 
18 amino acids (other ingredients identical), although the eventual larval 
lengths and weights are similar at pupation. The comparative weight gains 
on the two diets are outlined in Fig. 1. 

As shown in Table I, carnitine and 2,2-dimethylaminoethanol were found 
to completely replace choline (one of the required vitamins) in the diet of 
P. regina larvae. However, betaine was ineffective as a replacement for 
choline. 

Although the essentiality of 10 amino acids could be demonstrated by 
individual deletions (7), the present work has shown that together they could 
not support growth as well as the 18 amino acids, even when the total nitrogen 





HODGSON ET AL.: SUBSTITUTION OF CHOLINE 529 











ze _ 

~~ Pu . 
w50 Casein Diet — 
< 

> 

Q 

S40 

- 18 Amino Acid 
530 Diet 

a ° 

= 

a) 

© 

© 

ui 10 

z 


on" 3 5 7 9 - = 
TIME (DAYS) 


Fic. 1. Growth curve for P. regina larvae grown on casein or 18 amino acid diet. A 
series of sterile tubes was inoculated with sterile eggs and at the times designated triplicate 
tubes were removed and the average weight per larva determined. 


TABLE I 


STIMULATION OF P. regina LARVAL GROWTH BY CHOLINE, CARNITINE, 
BETAINE, AND 2,2-DIMETHYLAMINOETHANOL 








Av. wt. (mgm.) of larvae (7 days) 








Experiment 
Diet 1 2 3 + 

18 Amino acids* 11.5 10.1 15.5 12-5 
18 Amino acids less choline 1.9 2.7 wes Sg 
18 Amino acids less choline plus DL-carnitine 12.3 15.5 
18 Amino acids less choline plus betaine — — 3.4 1.8 
18 Amino acids less choline plus 2,2-dimethyl- 

— — 12.1 9.5 


aminoethanol 


*The 18 amino acids (plus other components) were prepared and used as described previously (7). 
2007 of DL-carnitine, betaine, or 2,2-dimethylaminoethanol was added, as indicated, to each tube. 


Total volume = 2 ml. 


TABLE II 


THE EFFECT OF VARIOUS GROUPS OF AMINO ACIDS ON THE GROWTH OF P. regina LAKVAE 





Diet Av. wt. (mgm.) of larvae (7 days) 


18 Amino acids* 1 


1 
10 Essential amino acids 0 
18 Amino acids less methionine and cystine 6. 
18 Amino acids less aspartic and glutamic 2 
18 Amino acids less alanine, glycine, hydroxyproline, and 
tyrosine 


CoOoKWN 


12.1 





*The 18 amino acids (plus other components) were the same as in Table I. 
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contents were equal (0.3 mgm. body wt. per larva after one week, compared 
to 11.5 mgm. on 18 amino acids). 

When the eight dispensable amino acids were added singly to the 10 essential 
ones, no significant growth stimulation occurred. Various groups of the 
non-essential amino acids were then deleted from the mixture of 18 and the 
growth recorded in Table II. It is evident that aspartic and glutamic acids, 
and methionine and cystine, were strongly stimulatory. 

All the combinations of glutamic acid, aspartic acid, cystine, and methionine 
were next tested by adding them to the mixture of the 10 essential amino 
acids. The mixtures which provided the best growth (approximately 6 mgm. 
under the conditions employed in Table II) were cystine — glutamic acid, 
cystine — aspartic acid -— glutamic acid, or methionine — aspartic acid - 
glutamic acid. Glutamic acid was preferred to aspartic acid, and cystine to 
methionine. The combination of methionine and aspartic acid appeared 
to spare the cystine requirement. 


Supplementation of the Essential Amino Acid Diet with Yeast Extract 

The diet containing the 10 essential amino acids could support growth 
greater than that obtained on 18 amino acids through the addition of an 
aqueous extract of yeast and the B vitamins as shown in Table III. This 
effect apparently is not due merely to a substitution of the missing amino 
acids since the greatest growth stimulation occurred only in the presence of 
the essential vitamins (particularly thiamine). Previously, 8 mgm. of yeast 
extract was found adequate to replace the vitamin mixture in the 18 amino 
acid diet. 

Brust and Fraenkel (1) have also reported stimulation of Phormia growth 
by yeast extract, using a casein basal diet. 


TABLE III 
THE EFFECT OF ADDITION OF YEAST EXTRACT ON THE GROWTH OF P. regina LARVAE 


Diet Av. wt. (mgm.) of larvae (7 days) 





18 Amino acids 21:5 


10 Essential amino acids plus 100 mgm. yeast extract plus 
essential vitamins 
less yeast extract and vitamins 
less vitamins 
less thiamine 
less riboflavin 
less pyridoxine 
less inositol 
less nicotinic acid 
less choline.Cl 
less calcium pantothenate 
less folic acid 
less biotin 


me NNN ee ee bt 
CWOKDHADWAMOOWON 
SS Se ee ee eee ae ee ee 
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Discussion 


The present work confirms the view of a similar role of carnitine and choline 
in insects, since the blowfly does not have a specific requirement for carnitine 
but uses either compound interchangeably. This observation together with 
that of Fraenkel (3) that P. regina can synthesize carnitine on carnitine-free 
diets (these diets were possibly not choline-free) would appear to indicate 
that this organism can synthesize carnitine from choline and that this synthesis 
is reversible. Work is in progress to test this assumption directly. 

Noland and Baumann (8) have shown that in B. germanica betaine is as 
effective as choline in the diet. These authors postulate a direct conversion 
of betaine to choline. From the results presented here it is apparent that 
P. regina is unable to carry out this synthesis. The utilization of 2,2-dimethyl- 
aminoethanol by P. regina is also in contrast with that in B. germanica where 
it was shown to be ineffective (8). Apparently the former organism is capable 
of methylating this compound, possibly from methionine, whereas the latter 
can not. 

It is apparent that although deletion of single amino acids from complete 
mixtures may identify the essential amino acids, this method is not adequate 
to demonstrate the alternate requirements that exist in P. regina for either 
cystine or methionine, or glutamic or aspartic acid. The requirement for the 
sulphur amino acids appears uncomplicated by a separate need for exogenous 
methyl groups in the form of methionine. 

The preferential use of glutamic over aspartic acid may be expected in 
view of the low Krebs cycle activity in the larval stage of Phormia (6). The 
failure to synthesize C, acids at an optimum rate for growth may reflect a 
lack of a suitable precursor, e.g., pyruvate, in the metabolism of the organism. 
Finally, although cystine is preferred over methionine, the sparing of the 
former by a combination of methionine and aspartic acid suggests the 
possibility of production of the cystine chain from these amino acids, probably 
via such intermediates as threonine and cystathionine as observed in other 
species. 
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A METHOD OF PHENOLOGICAL SURVEY FOR USE IN 
FOREST INSECT STUDIES! 


By R. F. Morris, F. E. Wess, AND C. W. BENNETT? 


Abstract 


To ensure correct sequence in the timing of insect sampling or control opera- 
tions over a large forest area it is desirable to know what phenological differences 
may be expected. Measurements of shoot elongation provide a simple and 
objective method for comparing a large number of phenological stations in one 
season. By this method one or more reference stations have to be visited 
weekly to permit the plotting of growth curves, but the great majority of the 
stations have to be visited only twice a year. At any one station the major 
source of variance in cumulative shoot growth on a given date is between trees 
and the optimum allocation of sampling resources will usually be based on the 
selection of one shoot per tree and 10 or more trees of balsam fir per station. 
The variance is greater for cherry and larger samples are necessary. 


Introduction 


This is the sixth in a series of papers dealing with techniques for studying 
natural populations of the spruce budworm, Choristoneura fumiferana (Clem.). 
In an earlier paper in the series it was shown that the intensive population 
sampling on which life tables are based must be very carefully timed in 
relation to the phenology of the insect (4). It was suggested that phenological 
indices based on more easily recorded phenomena than insect development 
may be useful if the study area is large enough to include sampling plots that 
are phenologically different. It is the object in the present paper to describe 
a simple, and apparently new, technique that has been useful in the measure- 
ment of phenological differences in northern New Brunswick. 

Phenological studies are commonly based on easily observed events, such 
as the first flowering dates of various species of plants. Leopold and Jones (3) 
and Williams (6) have pointed out the weaknesses to which most studies of 
this type have been subject. Discrepance arises through differences in the 
perspicacity of observers, the intensity of observation, and the populations 
of the plants on which the records are made. When a plant is abundant on 
one plot and scarce on another, chance and genetic variability favor the 
recording of an earlier flowering date on the plot where it is abundant. Studies 
of this type also suffer from the fact that they are generally subjective and 
qualitative. 

For purposes of extensive phenological survey, the common techniques 
have shortcomings that are even more serious, for they require that each 
plot be examined carefully at least once a day. The time and travel that 
this involves limit one observer to the study of a very few plots. This means 
that we must accept the possible disparities between different observers if 


1Manuscript received July 19, 1956. 
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widely separated areas are to be compared. The method that is described 
below circumvents both of these difficulties. The measurements of shoot 
growth are quantitative and objective, so different workers can combine their 
results. Extensive areas can be covered because each station has to be visited 
only twice a year. 

If more extensive application reveals no serious weaknesses the method 
should also be useful for other purposes. Personnel of the Forest Insect 
Survey in Canada generally have to prepare their spring and summer itineraries 
well in advance. More adequate data on average phenological differences 
between different parts of their districts would facilitate this type of planning 
and ensure optimum sequence in insect collecting and sampling. The 
importance of timing in aerial forest spraying has also been demonstrated (5). 
Here again, a better knowledge of phenological differences would be of consider- 
able value in planning the logistics of extensive operations, and in determining 
the sequence in which the different parts of the area should be treated. 


Materials and Methods 


Seasonal shoot elongation can be readily measured on most species of trees 
or shrubs. The present work is based largely on balsam fir, Abies balsamea 
(L.) Mill., because it is the principal host of the spruce budworm and is likely 
to be common in any areas where this insect is being studied. When budworm 
infestations become severe, however, the shoot growth of balsam fir may be 
affected by the feeding of the larvae, or the shoots may be completely destroyed. 
To meet this situation we have made similar measurements on pin cherry, 
Prunus pensylvanica L.f. No doubt another species would have served 
equally well, and cherry was selected only because it is common on roadsides 
and cutover lands throughout New Brunswick. 

As the main object was to assess differences in phenology associated with 
latitude, longitude, and elevation, only well-exposed trees growing along 
roadsides or in cutover areas were selected for measurement. If appropriate 
species of trees or shrubs are selected, however, there is no reason why the 
same technique could not be used under a crown canopy to measure the effect 
of stand density on phenology. At each phenological station five or more 
trees were used and shoots were marked on different sides of each tree by the 
use of numbered tags. The vigorous terminal shoots of primary branches 
were generally selected. The number of trees and shoots that should be 
marked to ensure reliable averages will be discussed under a separate heading. 

Shoot length was measured to the nearest millimeter with a ruler. The 
measurements were started in the early spring before the growing season and 
the base of the bud was used as the zero point. This serves as a good reference 
point throughout the season as it becomes marked by a well defined scar after 
the bud scales have dropped. The first measurement, then, is simply the 
length of the dormant bud. As the bud bursts and the new shoot elongates, 
the measurements are made from the same reference point to the tip of the 
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Fic. 1. A comparison of shoot growth curves for different years as between the 
laboratories at Fredericton (solid lines) and Green River (broken lines). 


new shoot. In the broad-leaved species, like cherry, two leaves commonly 
appear before the shoot itself elongates appreciably; if they are parted 
carefully the tip of the shoot can usually be seen. 

In compiling the data, the initial length of the bud is first subtracted from 
each measurement. The remainder then represents the cumulative shoot 
growth that has occurred during the season up to the date of measurement. 
It is convenient to express this as a percentage of the total shoot growth that 
occurred during the whole growing season, for this permits the summarizing 
and comparing of the records regardless of the absolute growth of the 
individual shoots. In short, the data are expressed as cumulative growth in 
per cent for any date on which the shoot is measured. 

At laboratories or field stations where personnel are stationed throughout 
the season, it is a simple matter to measure the marked shoots at intervals of 
about one week and to plot the results as curves of cumulative growth (Fig. 1). 
Phenological stations where this is done will be called reference stations. The 
great majority of stations, where only two measurements are made during the 
year, will be called survey stations. At survey stations the first measurement 
is made early in the season, when cumulative growth is approximately 25%. 
The second measurement is made at the end of the growing season, at any 
time after it is certain that growth has been completed. 


The Comparison of Reference Stations 


Personnel of the Green River Laboratory spend the winter at the Forest 
Biology Laboratory in Fredericton. One of our first objects was to find the 
mean phenological difference between the two laboratory sites so that events 
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observed at Fredericton in the early spring could be interpreted in terms of 
their probable time of occurrence at Green River. This is of use in predicting 
when field work should be started, particularly in unusually early or late 
seasons. Reference stations were established near both laboratories and the 
shoot growth curves for all years in which Fredericton data are available for 
comparison are shown in Fig. 1. 

These curves are typically sigmoid but may vary considerably in slope, 
particularly in the early part of the growing season. For example, 1947 had 
a relatively late season but warm weather came suddenly and initial shoot 
growth was rapid. In 1954, by comparison, growth was initiated much 
earlier but proceeded slowly under the influence of cooler weather. In 
seasons like 1954 the date of growth initiation is difficult to establish reliably 
because of the flatness of the lower portion of the curves. For this reason it 
is better to make comparisons between some other point on the curves, such 
as the 25% point. On this basis the differences between Fredericton and 
Green River are as follows: 1946—10 days, 1947—18 days, 1950—13 days, 
1953—12 days, 1954 fir—11 days, 1954 cherry—10 days. Constant differences 
are not to be expected between these two stations because northern and 
southern New Brunswick may be affected differently by latitudinal shifts in 
the storm track (1). It is helpful to know, however, that a mean difference 
of about 12 days may be expected except in unusual seasons like 1947. 

Although the growth curves for the two stations show a surprising degree 
of parallelism, the choice of other points gives somewhat different results. 
The choice of the 25% level for general comparisons is based on several con- 
siderations: (1) This is about the lowest point at which the slopes are always 
steep enough to permit reliable comparisons. (2) Experience at Green River 
has shown that the 25% point provides a good index to the general phenology 
of early June, which is an important period in budworm sampling. Many 
other events have been recorded qualitatively on the same plot over the past 
10 years and will be described in a later paper dealing with other phenological 
indices. (3) There is no assurance that curves for different areas will be as 
parallel as those in Fig. 1; use of the 25% point provides an index of spring 
differences whereas subsequent convergence or divergence of the curves may 
be influenced by other factors. 


The Comparison of Survey Stations 


The present method is based largely on data from survey stations, but it is 
always necessary that at least one reference station be established. At Green 
River, for instance, one reference station is maintained at the laboratory while 
a number of survey stations are distributed over the other parts of the 
Watershed. 

It has been mentioned that the first measurement at the survey stations is 
made when cumulative growth is about 25%. This point cannot be 
recognized in advance, of course, but the examination of average total shoot 
length in an area will give a close enough approximation of the length to be 
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expected at the 25% point. In the Green River area, vigorous fir shoots of 
the type used for phenological measurements commonly have a length of 
4 to 6 in., so the first measurement is made when the new shoots are 1 to 13 in. 
long. The second measurement is made any time after growth is completed. 
The initial bud length is not recorded for each shoot, as it is at the reference 
station, for it is sufficiently accurate to deduct a constant mean bud length 
from all the survey measurements. Once this is done, the cumulative growth 
in per cent on the date of the first measurement is calculated for each survey 
station. The date on which the same percentage was recorded at the reference 
station is then read from the growth curve. The comparison of the two dates 
(date of first measurement at a survey station and date corresponding to the 
same cumulative growth at the reference station) gives the number of days 
by which each survey station is earlier or later than the reference station in 
its spring phenology. 

An example may help to clarify this procedure. At Survey Station 26 in 
1953, the first measurements were made on 10 shoots on June 9. The same 
shoots were measured after the growing season and the percentage growth put 
on by June 9 was calculated separately for each shoot. This varied between 
10% and 24% for different trees and averaged 16%. From the growth curve 
prepared for the laboratory in the same year, it was found that 16% of the 
total growth had been put on by June 3, and it was therefore concluded that 
Station 26 was about six days later than the reference station in its spring 
phenology. As a matter of interest, Station 26 was followed for two more 
years and was found to be seven and one-half days later than the reference 
station in 1954 and seven days later in 1955. Annual variations of this 
magnitude or greater could easily result from sampling error, as will be shown 
in the next section, unless a larger sample of shoots is measured. Over a 
limited area like the Green River Watershed differences between stations do 
not appear to vary greatly from year to year, so if an adequate sample of 
shoots is measured at each station for one or two years this will generally be 
sufficient to establish the sequence in which the various stations should be 
visited for insect sampling in early June. 

The method is useful in establishing sequences, and where the survey 
stations are sufficiently numerous and well distributed it is also possible to 
plot isophenes. For an insect like the spruce budworm, however, the method 
does not necessarily indicate when sampling should be initiated in a given year. 
The development rate of this insect is affected not only by climate but also by 
the presence or absence of such favorable sources of food as staminate flowers. 
Thus the point of 25% shoot growth may occur in one year when budworm 
larvae are in the early part of the third instar, and in another year when they 
are in the latter part of the fourth instar (1). It is always necessary to follow 
larval development on at least one station (preferably an early station) in 
order to find its relation to shoot development each year. The results of 
phenological surveys made in the preceding years will then be very useful in 
indicating the rotation in which the various stations should be visited for 


insect sampling. 
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Optimum Sample Size 


In the early work at Green River five trees were selected at each station 
and on each tree shoots were measured on the north, east, south, and west 
sides. Variance analyses revealed that intertree variance was highly significant 
but directional variance within trees was not significant. As all tagged shoots 
were about five feet from the ground, possible differences associated with 
height in the crown were not involved. As the trees were young, well exposed, 
and not severely attacked by the spruce budworm, the effects of flower produc- 
tion, exposure, and defoliation were also excluded from the study. In order 
that an estimate of intertree variance based on larger samples might be 
obtained, groups of 10 to 25 trees of each species were marked at the Green 
River and Fredericton reference stations in 1954 and two shoots per tree were 
measured at weekly intervals throughout the growing season. The inter- and 
intra-tree variances in cumulative growth in per cent were plotted over 
cumulative growth in per cent so that mean values could be read for any 
desired point. The variance (s*) at the 25% point was found to average: 


Fir Cherry 
Between trees 70 115 
Between shoots within trees 15 40 


Variance was clearly related to the percentage of cumulative growth, the 
maximum for fir (intertree, 125; intratree, 55) occurring at approximately 
the 60% point. For present purposes, however, we are interested only in the 
25% point and no attempt has been made to find what kind of statistical 
transformation will stabilize variance. 

By using components of variance we may find the number of shoots and 
trees that must be used to provide any desired degree of precision. This type 
of analysis is illustrated in an earlier paper of the series (4). If s,? is the 
component for shoots (15 for fir), s;2 the component for trees ( (70—15)/2 for 
fir), N, the required number of shoots per tree, N, the required number of 
trees per station, and s; the desired standard error of the mean, then 

ss = V(s2 + Nis2)/N.N, 

The slope of the growth curves at the 25% point (Fig. 1) is such that a 
change of 1% in cumulative growth corresponds to a change of 0.75 days. If 
the purposes of the survey permit us to accept a standard error of 1.5 days we 
may double these figures and set sz; at 2%. This seems like a reasonably 
acceptable error, especially if replication is achieved by continuing the survey 
for a second or third year. Then, by solving for N; and substituting: 

N; = (15 + 27.5 N,) / 4 N, for balsam fir, 
N, = (40 + 37.5 N,) / 4 N, for pin cherry. 

By inserting arbitrary values for N,, it is found that: 
Fir Cherry 


When N, = 1, N; = 10 19 
When XN, = 2, Ni = 9 14 
When N, = 4, N; = 8 12 
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As the total number of shoots that must be measured at each station is V,N;z, 
it is better to measure only one shoot per tree unless the number of trees 
available at each station is very limited. It is also better to select fir in 
preference to cherry unless there is a real danger of budworm injury to 
the shoots. 

It is considered that possible convergence or divergence of growth curves 
will not be an important source of error in limited areas like the Green River 
Watershed, particularly if care is taken to make the first measurement as 
near the 25% point as possible. For more extensive areas, however, a number 
of reference stations should be established to provide more adequate data on 
this factor. As the reference stations play a very important role in the 
comparisons, it is suggested that a lower error be accepted and that sample 
size be correspondingly greater than that at the survey stations. 


Application 


An adequate phenological survey has not been completed for either the 
Green River Watershed or other parts of New Brunswick. As a matter of 
interest, however, stations for which preliminary data based on the present 
method are available are plotted in Fig. 2. The stations in northwestern 
New Brunswick were measured from the Green River Laboratory, while those 
in the north-central part were measured from field stations on the Tobique 
and Upsalquitch Rivers in connection with studies on aerial spraying. The 
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Fic. 2. Outline map of the Province of New Brunswick showing theoretical isophenes 
in comparison with the preliminary results from phenological survey stations. The 
isophenes are based on Hopkins’s Bioclimatic Law and pass through points that should 
be 5, 10, 15, or 20 days later than Fredericton in spring phenology. The survey stations 
are represented by numerals which designate the actual number of days later than 
Fredericton according to the measurements of shoot elongation. 
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measurements were made in 1953 and 1954. At some stations only five 
trees were included, so the standard errors are too high to permit reliable 
conclusions. 

If Hopkins’s Bioclimatic Law (2) is shown to be applicable in a given area, 
it can be used to extend the results of a limited phenological survey. The 
isophenes (Fig. 2) are based entirely on this Law and in some parts of New 
Brunswick appear to agree fairly well with the preliminary results from the 
survey stations; in other parts, Hopkins’s Law would lead us to expect greater 
phenological differences than were actually recorded. However, the survey 
stations show considerable variation, even over limited areas (Fig. 2), and this 
may be attributed both to sampling error and to local topography and aspect. 
Before more definite conclusions can be drawn for New Brunswick as a whole 
the survey must be greatly expanded, with a minimum of 10 trees per station 
and with careful notes on the location of each station with reference to local 
topography. 
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PECTINASE IN THE SALIVA OF MYZUS PERSICAE (SULZ.) 
(HOMOPTERA: APHIDIDAE)! 


By J. B. ApAMs AND J. W. McALLAN? 


Abstract 


A chromatographic technique demonstrated the presence of the enzyme 
pectin polygalacturonase in saliva ejected by Myzus persicae (Sulz.). The 
amount per gram of salivary gland was estimated to be 2.4 X 107 gm., a 
concentration presumed adequate to hydrolyze pectin in the cell walls adjacent 
to the feeding puncture of this species of aphid. 


Introduction 


McAllan and Cameron (1) demonstrated the presence of pectinase in four 
species of aphids.* They did not show where the enzyme is produced or 
what its function is. This paper presents evidence that pectinase is present 
in the salivary secretion of the aphid Myzus persicae (Sulz.). 


Methods 


Sheets of Whatman No. 1 filter paper 13.5 cm. long were cut into tapered 
slender strips 1 cm. wide at the base and 1.8 cm. wide at the top (Fig. 1, A). 
To the base was applied enough of a 1% solution of pectic acid to form a 
spot 3-4 mm. in diam. The base was then encased in a tightly stretched 
“glove” of polythene film, weight mils 1.5 (Canadian Industries Limited, 
Box 10, Montreal, Que.). The ‘‘glove’’ was slightly smaller than the filter 
paper base and hence stretched snugly over the encased area. Fifty aphids 
were confined to the bases of the strips by ‘“‘clip” cages (Fig. 1, B) described 
by MacGillivray and Anderson (2). The aphids were from a culture of 
M. persicae maintained on swede turnips at the Fredericton laboratory. The 
aphids were allowed no food for four hours before being caged. This is a 
common practice which reduces the gut contents and appears to increase the 
aphid’s willingness to feed. To limit the probing to the area of the spot 
alone, a rectangle of cardboard (Fig. 1, C) with a central hole 5 mm. in diam. 
was inserted between the polythene glove and the aphid. In this way aphids 
could reach the pectic acid only by probing through the polythene in the 5 mm. 
area. Controls were prepared in the same way except that the pectic acid 
was omitted. 

During the experiments, aphids remained alive and active for as long as 
48 hr. To ensure the chances of probing, therefore, the aphids were replaced 
every 24hr. Test and control insects were kept in test tubes containing 2 ml. 


1Manuscript received July 11, 1956. 
Contribution No. 3449, Entomology Division, Science Service, Department of Agriculture, 


Ottawa, Canada. 

2Officer-in-Charge and Assistant Entomologist, Field Crop Insect Section, Entomology 
Laboratory, Fredericton, New Brunswick. 

*M. persicae (Sulz.), Aphis abbreviata Patch, Macrosiphum solanifolit (Ashm.), and 
Aulacorthum solani (Kitb.). 
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of water, the filter paper strips being suspended from pins in the cork stoppers 
of the test tubes. These ‘‘moist chambers’’ were maintained at 35° C. for 
three days. 

After the aphids had been caged on the strips for three days in the ‘moist 
chamber’, the aphids were removed and the resulting chromatograms 
developed for two hours. The paper was dried at 105° C. for five minutes, 
sprayed with reagent, and then heated at 105° C. again for two minutes (1). 

Similar chromatographic techniques were used to determine the effect of 
frass and honeydew on pectic acid. In these cases the aphids were excluded 
from the test strips, but the strips were arranged to come into contact with 
globules cast from the anuses or cornicles of aphids feeding on the turnip host. 


Results and Discussion 


The effect of probing by the aphids on a pectic acid substrate is seen in 
Fig. 2, A; some material given off by the aphids caused pectic acid to 
hydrolyze to the same extent as did an extract of whole insects (Fig. 3, A). 
When pectic acid alone was processed, no similar breakdown was noted 
(Fig. 2, B). When aphids probed on a substrate lacking pectic acid, no 
breakdown was noted even after 72 hr. (Fig. 2, C). Frass or honeydew or 
both, on a pectic acid spot without a polythene film (Fig. 2, E), or with the 
film (Fig. 2, F), did not cause breakdown comparable to that in Fig. 2, A. 

McAllan and Cameron (1) demonstrated that one of the products of 
hydrolysis of pectic acid is galacturonic acid; comparison of the chromatogram 
in Fig. 2, A with those obtained by McAllan and Cameron shows that the 
active material in the secretion of M. persicae caused the same type of break- 
down and therefore may be assumed to be pectin polygalacturonase. Sections 
of the experimental aphid were studied to determine the structure of the valves 
in the fore part of the gut (Fig. 4) and the possibility that material might be 
regurgitated from the mid-gut to react on the substrate. Fig. 4 shows the 
slender stomodaeum (oesophagus) of the aphid and its juncture with the 
stomach (mid-gut) at A. The invagination that can be noted at this point 
forms a valve that should make regurgitation from the stomach unlikely. 
Neither Snodgrass (3) nor Weber (4), in their studies of the cellular structure 
of the stomodaeum, attributed any glandular activity to the simple cell walls 
of this area and assumed its function to be one of mechanical transport of 
food to the area of digestion in the mid- and hind-guts. 

It appears safe, therefore, to conclude that pectinase deposited by the mouth 
parts of the aphids was carried in the salivary secretion and hence is found in 
the salivary glands. 

The detection of pectin polygalacturonase in the saliva ejected by 
M. persicae suggests that the salivary glands of aphids in general may secrete 
an active pectinase. The significance of the presence of such a hydrolyzing 
enzyme remains to be investigated. McAllan and Cameron (1) showed that 
M. persicae contained 1.2 X 10-® gm. of pectinase per gm. of aphid. The 
ratio of aphid volume to salivary gland volume was calculated for this species 
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to be 2000:1. The amount of pectinase in the salivary glands can be 
calculated therefore to be 2.4 X 10-* gm. per gm. of salivary gland. 

In all the experiments a concentration of pectinase of 10-* gm./gm. (0.1%) 
acting on pectic and pectinic acids was the strongest enzyme preparation 
used. This amount reduced the viscosity of pectic solutions to almost that 
of water within 15 min. and showed chromatographically four breakdown 
products after hydrolysis for two minutes. 

A concentration of pectinase in the saliva of aphids almost three times as 
strong as 0.1% commercial pectinase could certainly assist in the penetration 
of plant tissues by the aphid. The salivary secretion is further concentrated 
in its effect by the fact that the saliva comes into contact with only a small 
area of approximately 3yu?. It can be estimated, therefore, that M. persicae 
contains enough pectinase to liquefy a cylinder of plant pectin equal to the 
volume occupied by the stylets at maximum penetration and to do so at 
several times the rate of actual penetration. 
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DISTRIBUTIONAL RECORDS OF TACHINIDAE (DIPTERA) 
IN BRITISH COLUMBIA! 


By JoHN SANJEAN 


Abstract 


A list is presented of the distributional records of a 319 species of 
Tachinidae (Diptera) occurring in British Columbia, Canada 


The following list consists primarily of records of species of British 
Columbia Tachinidae obtained from the collection at the University of 
British Columbia and the Canadian National Collection. Some additional 
records were donated by Dr. D. A. Ross at the Laboratory of Forest Biology, 
Vernon, B.C., and by Mr. J. H. McLeod at the Biological Control Laboratory, 
Vancouver. 

Because of the large number of generic names available for use in this 
family, it has been thought necessary, in a few cases, to list the same species 
in combination with several genera to which it has been referred in the past. 
In all such instances, cross reference is given to the presently-accepted 
combination, and locality records appear only under the latter. The generic 
names Eumea Desv. and Diplostichus B. & B. have not appeared previously 
in conjunction with North American species, but are included on the authority 


of Dr. L. Mesnil. 

Acemya tibialis Coq. Kamloops, Vernon, Ft. St. John, Lillooet, Douglas L. 
Achaetoneura archippivora (Will.). Vernon 

— datanarum (Tns.) ? Vancouver, Kaslo, Trinity Valley, Vernon, Shuswap L. 


— frenchii (Will.). Chilliwack, Cloverdale, Maple Ridge, Vancouver, Royal Oak, Victoria, 
Nanaimo, Kelowna, Ft. St. "John, Nakusp, Revelstoke 


— melalophae Allen. Keremeos, Red L., Bigmouth Cr. 

—samiae Webb. Fernie 

— schizurae (Tns.). Mara Lake 

Acroglossa finitima (Snow). Lillooet 

— hesperidarum (Will.). Kamloops 

Actia diffidens Curr. Prince Rupert, Trout L., Badger Cr., Trinity Cr., Duhamel Cr. 


—sp. Carlin, Westbank 


— interrupta Curr. Lillooet, Clinton, Mt. Revelstoke, Cameron R., Kaslo, Cranbrook, 
Stanley, St. Mary’s, Gr. Central L., Moha, Barriere L., Bolean L., Monashee Summit, 


Silver Hills, Silver Star Mtn. 
Adejeania vexatric O.S. Invermere 


Allophorocera montana Smith. Newcastle Is., Okanagan Falls, Bear Mtn., Oliver, 
Kelowna, Victoria, Vernon, Penticton, Keremeos, Cranbrook 


Alophorella aeneoventris aeneoventris (Will.). Saanich Dist., Victoria, Royal Oak, 
Vernon, Carson 


— —robertsonii Tns. Trinity Valley 
— polita Brks. Vernon, Lillooet, Carnaby 


1Manuscript received July 9, 1956. 
Contribution from the Department of Zoology, University of British Columbia, Vancouver, B.C. 
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Alophorellopsis argentifrons Brks. Oliver 

Alophoropsis sp. Saanich Dist. 

Amedoria spinosa (Coq.). Agassiz, Rolla, Vernon, Mons, Chilcotin, Lillooet, Fairmount 
Anetia hyphantriae Toth. Sicamous 

Apheloglutus latifrons Gr. Oliver 


Aphria occidentale Tns. Departure Bay, Goldstream, Keremeos, Kaslo, Fitzgerald, 
Windermere 


— ocypterata Tns. Departure Bay, Kamloops 

Aplomya caesar (Ald.). See Eumea 

— confusionis Sell. See Eumea 

— epicydes (Walk.). Trinity Valley, Boat Encampment, Silver Star Mtn. 
— fronto (Coq.). Lillooet, St. Mary’s, Trinity Valley 

— helvina (Coq.). Vancouver, Trinity Valley, Agassiz, Goldstream 

— imitator Sell. Lillooet, St. Mary’s, Trinity Valley, Clinton, Savary Isl. 
— lobeliae (Coq.). Whatshan L., Ft. Fraser 

— theclarum (Scud.). Crown Lake, Trinity Valley, Enderby, Sicamous, Sanca Cr. 
— trichiosomae Sell. Buttle Lake, Haines Cutoff 

Appendicia solita Rnh. Chilcotin 

— frontalis (Toth.). Cranbrook 

Archytas amethystina (Macq.). Trinity Valley, Salmon Arm, Vernon 
— apicifera (Walk.). Vernon 


Arctophyto borealis (Coq.). Lillooet (Mt. McLean), Summerland (Mt. Apex), Lytton, 
Hedley 


— ? gillettei Tns. Kamloops, Chilcotin, Big Bar 


— -marginalis Curr. Radium, Stanley, Barkerville, Mt. Revelstoke, Lytton, Clinton, 
Mt. McLean 


Argentoepalpus rufipes Brks. Penticton, Oliver, Agassiz, Victoria, Royal Oak 


— signiferus Walk. Quesnel, Vancouver, Saanich Dist., Kamloops, Fitzgerald, Mission, 
Penticton, Creston, Salmon Arm, Shuswap Falls, Creighton Valley 


Atropharista insolita (Walk.). Nicola, Victoria, Quesnel 
Belvosia sp. nr. canadensis Curr. Trinity Valley 


Bessa harveyi (Tns.). Grand Forks, Creston, Rykert, Vancouver, New Denver, Vernon, 
Trinity Valley, Salmon Arm, Whatshan L., Edgewood, Bird Cr., Craigellachie, Woods L., 
Mara L., Lavington, Sparwood, Yahk, Cranbrook, Gray Cr., St. Mary L., Kitchener, 
Fernie, Creighton Valley, Syringa Cr. 


Bigonichaeta spinipennis (Mg.). Vancouver 


Blepharigena spinosula Big. Vancouver, Agassiz, Clinton, Jesmond, Savary Isl., Mt. 
McLean 


Bombyliopsis abrupta (Wd.). Grantham’s Landing, Salvus, Shuswap, Vancouver, Arm- 
strong, Stanley, Victoria, Duncan, Departure Bay, Trinity Valley, Kaslo 


Bonellimyia glauca Brks. Likely, Trinity Valley 

— subpolita Brks. Nicola, Quesnel 

— tessellata Brks. 100 Mile House, Trinity Valley 

Bonnetia comta Fll. Kamloops, Pavilion L., Oliver, Cranbrook, Vernon, Jesmond 
Buquetia obscura (Cogq.). Mission 

Carcelia inflatipalpis (A. & W.). Trinity Valley 

— malacosomae Sell. See Paraexorista 


— olenensis Sell. Carquile, Mara, Ashcroft, Monte Cr., Invermere, Slocan City, Ptarmigan 
Ce 
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— reclinata A. & W. Vancouver, Soda Cr., Kaslo, Likely, Trinity Valley, Agassiz, Osoyoos, 
Victoria, Newcastle Dist. 

— yalensis Sell. Barrier, Canal Flats, Lens Cr., Corbold Cr., Cape Horn 

Carinosillus sp. Nicola 

Catalinovoria cauta Tns. Clinton 

Catharosia calva Coq. Kamloops 

Ceracia dentata (Coq.). Nicola, Oliver, Cranbrook 


Ceromasia auricaudata Tns. Kamloops, Lillooet, Duncan, Vancouver, Fountain Valley, 
Moha, Hedley, Alberni, Kaslo, Emerald L., Oliver, Bolean L., Lytton, Radium, Owl Cr., 
Botanie Cr., Victoria, Barrier, Heffly Cr., Genoa Cr., Clinton, Indian R. 


Chaetopeleteria cornigera (Curr.). Lillooet, Mt. McLean 
— cornuticaudata (Curr.). Mt. McLean, Nicola 
— curriei (Tns.). Lillooet, Mt. McLean 


Chaetophlepsis n. sp. nr. nascellensis Brks. Cranbrook, Beaverdell, Westbridge, Christian 
Valley, Greenwood, Bridesville, Fife, Agate Bay, Moyie L., Christina L., Waneta, Yahk, 
Cottonwood L., Apex, Kokanee Park, Cascade, Blewitt Rd., Natal, Kimberley, Mad R., 
Bear Cr., Erie, Cuisson Cr., Sanca, Blewett 


— orbitalis Webb. Salmon Arm, Hupel, 6 Mile Cr., Mabel L. 


— semiothisae Brks. Lillooet, Coquitlam L., Capilano Cr., Chehalis L., McNair Cr., Howe 
Sound, Trinity Valley, Clawham L., Victoria, Blewett, St. Mary’s, Salmon Arm, Bella 
Coola, Marysville, Hidden L., Hupel, Cambie 


— teleosis Rnh. Paxton Valley, Cranbrook, Falls Cr., Aberdeen L., Sicamous, Yahk, 
Golden 


Chrysotachina alcedo (Lw.). Departure Bay, Trinity Valley 
Cistogaster immaculata Mqt. Shuswap Narrows 

Clairvillia nitoris (Coq.). Creston, Vernon, Royal Oak, Saanich 
— timberlakei (Walt.). Newgate 


Compsilura concinnata (Mg.). Vancouver, Coquitlam, Cloverdale, Brighouse, Elk Mtn., 
Mission, Fraser R. Valley, Surrey, Qualicum, Chilliwack, Courtenay, Lytton, Lynn 
Valley, Deep Cove, Botanie Cr., Yale, Mi. 300 Alaska Hwy., Fraser R. Valley 


Cryptomeigenia nigripes Curr. Penticton 
— nigripilosa Curr. Lillooet, Salmon Arm 
Cuphocera contigua Rnh. Quesnel, Lillooet, Keremeos 


Cylindromyia dosiades Walk.-Vancouver, Quesnel, Likely, Oliver, Victoria, Agassiz, 
Vernon, Trinity Valley, Saanich, Salmon Arm 


Cyrtophloeba coquilletti Ald. Quesnel, Oliver 
— nitida Curr. Victoria 

Cyzenis festinans (A. & W.). Salmon Arm 

— pullula (Tns.). Vancouver 

Dexodes nana Curr. See Methypostena 
Dichocera lyrata Will. Trinity Valley 


Dinera futilis West. Kamloops, Lytton, Duncan, Chilcotin, Quesnel, Nicola, Clinton, 
Oliver, Lillooet, Vernon, Royal Oak, Saanich 


Diplostichus hamatus (A. & W.). Nicola, Oliver, Sechelt, Salmon Arm, China Cr., Shore- 
acres, Coquitlam, Taft, Tobie Cr., Silver Star Mtn., Donald, Enderby, Adams Ldg., 
Porthill, Fisher Cr., Grand Forks, Ronde L., Ft. Steele, Gordon L., Burrard Inlet, 
McDougal L., Mission, Watson L., Golden, Kelowna, Kettle Forest, Vernon, Princeton, 
Monashee Rd., Salmo, Merritt, Cascade, Pavilion 


Dolichotarsus griseus Brks. Trinity Valley 
Doryphorophaga doryphorae (Riley). Cranbrook 
Eohyria pellucida (Coq.). Victoria, Enderby, Copper Mtn., Larkin 
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Erycia aldrichi Curr. Hedley, Clinton, Similkameen, Savary Isl. 

— delecta Curr. Carbonate (Columbia R.) 

— varifrons Curr. Lillooet 

Euadmontia pergandei (Coq.). Agassiz, Oliver, Hedley, Lillooet 

Euclytia flava Tns. Quesnel, Trinity Valley, Savary Isl. 

Eufrontina spectabilis (Ald.). Trinity Valley, Lillooet 

Eugaedia setosa (Coq.). Newcastle Isl. 

Eulasiona comstocki Tns. Chilcotin 

— nigra Curr. Victoria 

Eumea caesar (Ald.). Quesnel, Sidney, Lillooet, Bridge River, Vernon, Summerland, Duncan, 
Johnson L., Barriere L. 

— confusionis (Sell.). Kamloops, Oliver, Hope, Beaton, Eagle Rock (Armstrong) 

Eumegaparia flaveola (Coq.). Barkerville, Nicola, Mt. Revelstoke 

Euscopolia angulineura (Rnh.). Trinity Valley 

Euthera setifacies Brks. Trinity Valley, Duncan, Powell L. 

Eutheresia sp. Nelson, Chilcotin, Nicola 

— canescens (Walk.). Copper Mtn. 

Eutricogena (=Wagneria) clesides (Walk.). Barkerville, Trinity Valley, Cultus L., 
Salmon Arm 

— polita Brks. Agassiz, Cultus L. 

Eutritochaeta sp. Salmon R., Reid L. 

Euzenillia variabilis (Coq.). Summerland 


Exorista larvarum (L.) (=Tachina mella Walk.). Osoyoos, Vancouver, Kamloops, 
Shuswap Narrows, Victoria, Lillooet, Trinity Valley, Hedley, Royal Oak, Keremeos, 
Salmon Arm, Merritt, Vernon, Aleza L., O. K. Falls, Carquile, Sumby, Currie L., 
ei Mile L., Revelstoke, Parson, Vasseux L., Mile 49—B.B. Hwy., Nakusp, 
Narcosli Cr. 


Exoristoides johnsoni Cog. Lillooet 


Fabriciella algens Wied. Vernon, Vancouver, Quesnel, Barkerville, Penticton, Whiterock, 
Nicola, Midday Cr., Sumas, Walhachin, Kamloops, Creston, Lorne, Prince Rupert, 
Kaslo, Agassiz, Oliver, Salmon Arm, Mt. Revelstoke, Hedley, Royal Oak, Trinity Valley, 
Sugar L. 

— brevirostris Toth. Keremeos, Oliver, Lillooet 

— eurekana Rnh. Nicola 

— hispida Toth. Bowen Isl., Copper Canyon, Mt. Revelstoke, Rolla, Canim L., Lillooet, 
Duncan 


— latianulum Toth. Vancouver, Victoria, Saanich Dist., Tolino, Shuswap Narrows, Mt. 
Seymour, New Westminster, Sumas, Kamloops, Cowichan Lake, Barkerville, Mt. Cheam, 
Rolla, Agassiz, Royal Oak, Fitzgerald, Cultus L., Duncan, Courtenay 


— latifacies Toth. Lillooet, Mt. McLean 

— latiforceps Toth. Mt. Revelstoke, Stanley 

— latigena Toth. Quesnel, Midday Cr., Lillooet, Summerland, Pavilion L., Hedley, William 
L., Jesmond, Mt. McLean, Peachland 

— longiunguis Toth. Vernon 

— nitida Wulp. See Upodemocera 

— piceifrons Tns. Midday Cr., Cranbrook, Premier, Revelstoke, Ft. Steele, Midday Valley, 
Newgate 

— pilosa Toth. Barkerville, Quesnel, Stanley, Radium, Clinton, Agassiz, Summerland, Mt. 
McLean, Hedley, Mt. Cheam, Bear L., Mt. Revelstoke, Hope Summit 

— rostrata Toth. Vernon, Quesnel, Lytton, Kamloops, Chilcotin, Summerland, Nicola, 
Campbell, Hat Cr., Similkameen, Hedley, Terrace, Revelstoke, Jesmond, 100 Mile House, 
Penticton, Lillooet 
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— spineiventer Toth. Nicola, Kamloops, Mt. McLean, Vancouver, Hedley, Fitzgerald, 
Royal Oak, Lillooet 

— spinosa Toth. Peachland, Hedley 

— tahoensis Rnh. Vernon 

? Gaediopsis sp. Vancouver 

Gibsonomyia nigricosta Curr. Mission, Clinton 


Goliathocera setigera (Thom.). Lillooet, Cultus L., Trinity Valley, Fairmont, Oliver, 
Windermere, Salt Spring Isl., Hope 


Gonia albagenae Morr. Penticton, Lillooet, Naramata, Vernon, Oliver, Vaisseaux 


— breviforceps Toth. Cranbrook, Douglas L., Chilcotin, Victoria, Minnie L., Penticton, 
Creston, Lillooet, Nicola 


— brevipulvilli Toth. Penticton, Lillooet, Vernon, Cranbrook, Creston 

— fissiforceps Toth. Lillooet 

— frontosa Say. Vancouver, Copper Mtn., Oliver, Salmon Arm, Agassiz, Nicola, Victoria, 
Nelson 


— grandipulvilli Morr. Vernon, Cranbrook, Chilcotin, Nicola, Penticton, North Bend, 
Victoria, Agassiz, Okanagan Falls, Oliver, Chase, Royal Oak, Grindrod 


— longiforceps Toth. Salmon Arm, Fairview, Nicola, Vernon, Cranbrook, Oliver, Douglas 
L., Chilcotin, Vancouver, Kamloops, Osoyoos, Penticton 


— longipulvilli Toth. Saanich Dist., Vancouver, Royal Oak, Lillooet, Victoria, Nicola 
— nigra (Brks.). Lillooet, Cranbrook 

— occidentalis Brks. Hedley, Penticton, Osoyoos 

— porca Will. Crows Nest, Lillooet, Jesmond, Mt. McLean 

— sequax Will. Vancouver 

— setigera Toth. Oliver, Penticton, Osoyoos, Keremeos 

— turgida Coq. Creston 

— yukonensis Toth. Barkerville, Clinton, Mt. McLean, Ft. Fraser, Hedley, Jesmond 


Grisdalemyia aldrichi Curr. Keremeos 

Guerinia simulans (Mg.) (=Tachina dydas Walk.). Osoyoos, Royal Oak, Oliver, Clinton, 
Duncan, Summerland, Savary Isl., Vernon, Mons, Agassiz, Lillooet, Larkin, Falkland, 
Soda Cr. 

— trudis Rnh. Royal Oak, Kamloops, Nicola 

Gymnochaeta frontalis Brks. Kamloops, Vancouver, Vernon 

— rufipalpis Brks. Vancouver 

Gymnoclytia occidentale Tns. Salmon Arm, Royal Oak, Kitchener, Lillooet 

Gymnosoma filiola Lw. Anderson L., D’Arcy, Jesmond, Salmon Arm, Chase, Agassiz, 
Saanich Dist., Brentwood 

— fuliginosa Desv. Royal Oak, Kitchener, Departure Bay, Goldstream, Saanich Dist. 

— occidentale Curr. Quesnel, Duncan, Vernon, Seton L. 

Hemyda aurata Desv. St. Mary’s, Lillooet 

Hesperodinera cinerea Tns. Nicola, Creston 


Homalactia harringtoni (Coq.). Quesnel, Falkland, Jordan R., Lund, Rykert, Coquitlam, 
Slocan, Whatshan L., Mab a L., Fernie, Ersa Cr. 


Uyalomyiopsis aldrichi (Tns.). Kamloops, Nicola, Saanich, Salmon Arm, Jesmond, 
Victoria, Vernon, Oliver, Royal Oak, Clinton 


Hyalomyodes californica Tns. Royal Oak 
— robusta Tns. Trinity Valley, Goldstream 


— triangulifera (Lw.). Kamloops, Summerland, Mission, Agassiz, Saanich, Mt. Revelstoke, 
Trinity Valley, Barriere, Sugar L. 


Hylotomomyia buckelli Curr. Osoyoos, Oliver 
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Hyphantrophaga hyphantriae (Tns.). Keremeos, Grand Forks 


Ictericophyto spinosa (Coq.). Beaver Cove, Swanson Bay, Urling, Westwold, Squilax, 
Wingdam, Larkin, Enderby, McLeod 


— tibialis (Curr.). Khutzumateen (?) Inlet, Vancouver 

Lasioneura bicolor (Curr.). Saanich, Trinity Valley, Vancouver 

— johnsoni Coq. Shuswap Narrows, Vancouver 

Laximasicera bakeri (Coq.). Jesmond, Monashee Summit, New Denver, Heart L. 

Leschenaultia fulvipes (Big.). Hope Mts. 

— ? halisidotae Brks. Saanich Dist. 

— leuchophrys (Wd.). Trinity Valley, Lost L. 

Lophosiocera curriei Tns. Nicola 

Lydella lateralis Curr. Lillooet 

— nigrita (Tns.). Westbank, Salmon Arm, Invermere 

— radicis Tns. Quesnel, Soda Cr., Victoria, Nicola, Kamloops 

Lydina areos (Walk.). Goldstream, Vernon 

Lypha fumipennis Brks. Nanaimo, Lillooet, Barriere, Pavilion L., Lavington, Louis Cr., 
Davie L. 

— maculipennis Ald. Queen Charlotte Isls., Mill Bay, Lake Vale, Lowe Inlet, Lakelse L., 
Whonnack, Shames R., Hillcrest, Davie L., Tete Sauve, Sock L. 

— setifacies (West.). Lillooet, Shuswap L., Savington, Vernon, Cottonwood L., Pritchard 

Macromeigenia frioensis Rnh. Westbank 


Madremyia saundersii (Will.). Lillooet, Bridge River, Trinity Valley, Shalath, Steelhead, 
Fountain Valley, Rykert, Oliver, Dry Gulch, Invermere, Radium, Dutch Cr., Barriere, 
Leanchoil, Kamloops, Stave L., Tranquille, Bolean L., Whiteman’s Cr., Inonoaklin Xing, 
Shuswap Falls, Bridesville, Larkin, Ashton Cr., Armstrong, Cicero Cr., Ft. Steele, 
Monashee Summit, Columbia L., Hillcrest, Clinton, Victoria 

Masiphyomyia comosa Rnh. Jordan R. 

Megaeuloewia morinoides Tns. Hedley 

Melanophrys insolita (Walk.). See Atropharista 

Melinocera chalybea (Cogq.). Lillooet 

— flavicornis (Brks.). Nicola, Canim L., Cranbrook, Trinity Valley, Vernon, Lillooet 

Mericia aldrichi Tns. Revelstoke 

— ampela (Walk.). Swanzy Mt., Kamloops, Creston, Agassiz, Vernon, Vancouver, Hedley, 
Victoria, Trinity Valley, Duncan, Lillooet, Grand Forks, Pitt R., Jervis Inlet, Harrison 
L., Beaverdell, Vinsulla, Kettle Valley, Eneas Cr., Bowen Isl., Elko 

— bicarina Toth. Quesnel, Jesmond, Pavilion L., Williams L. 

— incisa Toth. Quesnel 

— johnsoni Toth. Fry Cr. 

— nigropalpis Toth. Walhachin, Kamloops, Stickeen R., Savary Isl., Agassiz 

— occidentalis Brks. Creston, Hedley, Prince Rupert 

— platycarina Toth. Quesnel, Canim Lake, Shuswap Narrows, Shuswap Lake Narrows, 
Savary Isl., Vancouver, Agassiz, Lund, Trinity Valley 

— sulcocarina Toth. Nicola, Quesnel, Cranbrook, Lillooet, Summerland, D’Arcy 

Metaphyto genalis Coq. Oliver 

—hirta (Tns.). Oliver, Cranbrook, Osoyoos, Victoria, Penticton, Fairview, Quilchena, 
Nicola 


— setifrons (Brks.). Osoyoos, Nicola 
Methypostena nana (Curr.). Kaslo, Trinity Valley, Cedarville, Mayne Isl. 
Metopomuscopteryx tibialis (Coq.). Cranbrook, Agassiz, Lillooet, Penticton 








SANJEAN: TACHINIDAE (DIPTERA) 551 


Micropthalma disjuncta (Wied.). Nicola 


Mochlosoma spp. Quesnel, Kamloops, Soda Cr., Nicola, Kersley, Oliver, Mt. Revelstoke, 
Windermere 


Muscopteryx chaetosula Tns. Savary Isl. 
Myiophasia oregonensis Tns. Mt. Revelstoke 

— robusta Coq. Kamloops, Oliver 

Neadmontia fuscicosta (Curr.). Lillooet 
Nemochaeta lateralis (Macq.). Lillooet, Keremeos 


Nemorilla pyste (Walk.). Hedley, Oliver, Lillooet, Creston, Lytton, Elko, Vanderhoof, 
Alice Arm, Pitt R., Malakwa, Lumby, Corbold Cr., Cultus L., Anuts L., Creighton Valley, 
Carquile, Squilax, Waldo, Canal Flats, Barriere, Sechelt 


Neophorocera hamata (A. & W.). See Diplostichus 

Neopsalida neomexicana (Tns.). Fitzgerald 

Neopsalidopteryx ? deceptor (Curr.). Quesnel, Chilcotin, Hedley, Pavilion L. 
Neothelaira sp. nr. aurifrons. Narcosli Cr. Br., Mt. Revelstoke 

— aurifrons (Coq.). Lillooet, Narcosli Cr. 


—chaetoneura (Coq.). Golden, Shuswap Narrows, Kamloops, Likely, Trinity Valley, 
Agassiz, Similkameen, Clinton, Alberni, Big Bend Hwy., Moody Cr., Mi. 85—B.B. Hwy. 


Nigrobonellia nigrescens (Curr.). Hedley 
Ocypterodes vulgaris (Ald.). Oliver, Penticton, Lillooet, Sidney, Vernon, Victoria, William 
Mt. 


Oedemasoma brevipennis (Lw.). Vernon, Pouce Coupe, Jesmond 
Oedematopteryx opaca (Coq.). Vernon, Trinity Valley 

Oreophyto ochreicornis Tns. Keremeos 

Ostracophyto aristalis Tns. Savary Isl., Royal Oak 

Oxynops anthracina (Big.). Stave Falls 

Parademoticus piperi (Coq.). Cultus L., Kaslo, Ft. Fraser, Vernon 
Paradionaea atra (Tns.). Lytton, Vernon, Royal Oak, Salmon Arm, Saanich 


Paraexorista malacosomae (Sell.). Woodpecker, Burnaby, Langley, Cloverdale, Vancouver, 
Lillooet, Dewdney Rd., Victoria 


Pararchytas decisa (Walk.). Quesnel, Radium, Prince George, Likely, Williams L., 100 
Mile House 


Paradidyma affinis Rnh. Kamloops 
Patelloa fuscimacula (A. & W.). 100 Mile House 


— pachypyga (A. & W.). Tete Jaune, Vernon, Lillooet, Penticton, Langford, Port Alice, 
Moose Heights 


— reinhardi (A. & W.). Trinity Valley, Savary Isl., Galiano Isl. 

— specularis (A. & W.). Vancouver 

Pelatachina limata Coq. Chilcotin, Agassiz 

— pellucida Coq. See Eohyria 

Peleteria ? anaxias (Walk.). Quesnel, Australian, Penticton, Oliver, Keremeos, Vernon 
— angulata Curr. Hedley, Lillooet 


— apicalis Walk. Kamloops, Quesnel, Duncan, Smithers, Vernon, Chilcotin, Saanich Dist., 
Celista, Hazelton, Salmon Arm, Revelstoke, Royal Oak 


— biangulata Curr. Quesnel, Lillooet 

— bryanti Curr. Kamloops, Quesnel, Vernon, Lillooet, Fairmont 
— clara Curr. Cranbrook, Premier, Jesmond 

— conjuncta Curr. Mt. McLean, Nicola 


— ? convexa Curr. Victoria 
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— iterans (Walk.). Kamloops, Penticton, Vancouver, Chilcotin, Swanzy Mt., Soda Cr., 
Quesnel, Hat Creek, Creston, Squilax, Nicola, Chase, Merritt, Vernon, 100 Mile House, 
Jesmond, Oliver, Lillooet, Pavilion L., Williams L., Revelstoke, Cranbrook, Chilliwack, 
Similkameen, Lardo 


—malleola Big. (=campestre Curr.). Quesnel, Crows Nest, Penticton, Crown L., 
Chilcotin, Nicola, Osoyoos, Lillooet, Oliver, Trinity Valley, Duncan, Pavilion L., Big 
Bar, Salmon Arm, Williams L., Likely, Jesmond, Victoria, Comox, Fitzgerald, Mt. 
McLean, D’Arcy 


— neglecta (Tns.) (=eronis Curr.). Kamloops, Hat Cr., Nicola, Rayleigh, Premier 
Kitchener, Cranbrook, Newgate, Ft. George 


— obsoleta Curr. Royal Oak, Victoria, Fitzgerald, Duncan, Savary Isl., Vancouver, 
Pavilion L. 

— posticata Curr. Hope Summit 

Phasiomyia meliceris Rnh. Vancouver 

— splendida (Coq.). Bowen Isl. 

Phorichaeta atra (Coq.). Oliver 


Phorocera edwardsi Will. (=claripennis Macq. ?). Kamloops, Cranbrook, Vernon, Fernie, 
Lillooet, Oliver 


— erecta Coq. Shuswap Lake Narrows, Lillooet, Sechelt Forest, Trinity Valley, Shalalth, 
Penticton, Jervis Inlet, Monashee Mtns., Enderby, Creighton Valley, Lumby, Kaslo, 
Grindrod, Hidden L., Grand Beach, Copper Mtn. 


— halisidotae A. & W. Vancouver, Quesnel 

— hamata A. & W. See Diplostichus 

— incrassata Smith. Lillooet, Shalalth, Manning Park, Oyama L., Aberdeen L. 
—  omissa Rnh. Nicola 

— silvatica A. & W. Nanaimo 

— tenuiseta A. & W. Lavington, Enderby, Royal Oak 

— tortricis Coq. Royal Oak, Trinity Valley, Cultus L. 

Phrynolydella eufitchiae (Tns.). Prince Rupert, Lillooet, Kettle Valley, Creston 


— polita Tns. Trinity Valley, Lillooet, Vernon, Cranbrook, Lumby, Kimberly, Cowichan L., 
Rover Cr., Snowball Cr., Cascade, Crawford Bay, Silver Star Mtn. 


Phryxe hirsuta (O.S.). Departure Bay 


— pecosensis (Tns.). Bridge R., Lillooet, Vernon, Burns Lake, Mt. McLean, Cultus L., 
Jesmond, Likely, Cranbrook, Salmon Arm, Oliver, Kamloops, Cherryville, Bolean L., 
Johnson L., Monashee Mtns., Barrier, Kootenay Park, Genoa Bay, Duncan, Silver Hills 
Rd., Squilax, Hixon Cr., Peachland, Genevieve L., Sylvester Cr. 


Plagiprospherysa parvipalpis (Wulp.). Kamloops, Westbank, Hedley 
Polideosoma conerosa (Cog.). Oliver, Copper Mtn. 

Promericia ? fasciventris (Curr.). Kamloops, Vernon 

Protodejeania echinata (Thom.). Agassiz 

— ? willistoni Curr. Tyee, Salvus 

Psalidopteryx dorsalis (Coq.). Oliver 


— nuda Brks. Vancouver, Salt Spring Isl., Thetis L., Mt. Wells, Collwood, Merritt, 
Mile High L. Rd., Gilford Isl., Barnes L., Kamloops, Dutch Cr., Savona 


— pollinosa Brks. Vernon, Trinity Valley, Chilcotin 

— pseudonuda Brks. Clinton 

Pseudapinops nigra Cog. Lillooet, Pavilion L., Jesmond 
Pseudochaeta canadensis Brks. Jesmond, Canal Flats, Golden 
Pseudoeribea exilis (Coq.). Fernie 


— polita (Coq.). Maple Bay, Lillooet 
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Pseudomeriania nigrocornea Toth. Salmon Arm, Cranbrook, Vernon, Penticton, Creston, 
Okanagan Falls 


Ptilodexia sp.. Kamloops, Chilcotin, Nicola, Departure Bay, Quesnel, Smithers, Shuswap 
Narrows, Merritt, Soda Cr., Barkerville, Walhachin 


Reinhardiana petiolata (Tns.). Hat Cr., Kamloops, Nicola 


Rhynchiodexia ? confusa West. Quesnel, Soda Cr., Vanderhoof, Barkerville, Canim L., 
Mt. Revelstoke, Similkameen, Clinton, Vernon 


Rileymyia americana (B. & B.) (=Rileymyia triseta Brks.). Burnaby, Coquitlam, 
Ladner, Langley, Vancouver, Vernon, Victoria, Royal Oak, Salmon Arm, Creston, 
Agassiz, Wardner, Pt. Alice, Delta, Cassiar, Golden, Shuswap Falls, Okanagan L., 
Arrowhead, Rossland, Smithers, Mons, Cranbrook, Lillooet, Penticton, Endako, Crofton, 
Moose Heights, Wolfenden, Enderby, Parson 


Schizactia vitinervis (Thom.). Trinity Valley 

Sciasma nebulosa Coq. Vernon, Merritt, Glacier Pk. 
Siphophyto floridensis Tns. Summerland 

— setigera Coq. Vaseaux L., Saanich, Fitzgerald, Oliver, Lillooet 
Siphosturmiopsis phyciodes (Coq.). Trinity Valley, Osoyoos 
— rufiventris Rnh. Lillooet, Vancouver Isl. 

Sisyropa alypiae Sell. Williams L. 

Spallanzania sp. nr. - pansa Snow. Kamloops 

— pansa (Snow). Hedley, Mt. McLean 

Spathimeigenia sp. Lytton 

Tachinomyia acosta Webb. Agassiz 

— apicata Curr. Saanich Dist., Cranbrook, Salmon Arm 

— dakotensis Webb. Victoria, Agassiz 

— nigricans Webb. Salmon Arm, Nanaimo, Enderby, Westwold 
— panaetius (Walk.). Little Ft. 


— similis (Will.). Victoria, Fernie, Vancouver, Armstrong, Ladner, Lulu Isl., Langley, 
Trinity Valley, Royal Oak, Salmon Arm, Agassiz, Cowichan L., Vernon, West Thormanby 
Isl., Nanoose Inlet, Powell R., Arrowhead, Nanaimo, Courtenay, Nelson, Savona, Duncan, 
Sinclair Canyon, Powell L., Shuswap L., Brisco, Elko, Shuswap Falls 

— variata Curr. Quesnel, Kamloops, Nicola, Upper Hat Cr., Chase, Vernon, Victoria, 
Clinton, Agassiz 

Thelaira americana Brks. Vernon 

Thelymia erecta Sell. Mt. Revelstoke 

Thyrsocyptera californica (Big.). Lillooet, Fairmont, Vernon, Osoyoos, D'Arcy, 
Similkameen, Victoria, Royal Oak, Savary Isl. 

Tortriciophaga tortricis (Coq.). Vancouver, Osoyoos, Lillooet, Cranbrook, Clinton, Oliver, 
Invermere, Trinity Valley, Jesmond, Nakusp, Eburne, Penticton, Brouse, Elko, Hospital 
Cr., Fort St. James, Nithi R., Nahouni Cr., Moberly Bench 

Trichoclytia atrata (Coq.). Kamloops, Agassiz, Cranbrook 

Trichodejeania rufipalpis (Wulp.). Mission, Fairmont, Ft. Steele, L. Windermere 

Trochilodes skinneri Coq. Kersley, Kamloops, Vanderhoof, Oliver, Kitchener, Vernon, 
Clinton, Lillooet, Jesmond, Deadman Cr., Windermere 


Tsugaea nox Hall. Cowichan L., Mt. McQuillen, Round L., Falkland, Trinity Valley, Sumby, 
Westwold, Savona, Kamloops, Sayward, Larkin, Gt. Central L., Burwell L., Corbold Cr., 
Falkland, Chalelis, Coal Harbour, Cultus L., Lytton, Winfield, Hope, Kamloops, Ucluelet, 
Call Cr., Squilax 


Uclesia zonalis Curr. Oliver, Osoyoos 


Upodemocera nitida (Wulp.). Hedley, Chopaka (?), Ft. Steele, Similkameen, Lillooet, 
Hat Cr., Kamloops 


Ursophyto rufigena Ald. Departure Bay, Newcastle Isl., Shawnigan, Eberts, Courtenay 
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Uromacquartia halisidotae Tns. Vancouver, Departure Bay, Kamloops, Saanich Dist., 
Victoria, Duncan, Pt. Alberni, Goldstream, Cassidy, Nanaimo, Saltspring Isl., Cultus L., 
Gibsons Ldg., Rashwood 

Viviania georgiae B. & B. Lillooet 

Voria aurifrons (Tns.). Lillooet, Trinity Valley, Keremeos, Jesmond, Summerland, 
Armstrong, Cultus L., St. Mary’s, Creston, Hillcrest, Kamloops, Vancouver, Dixon Cr., 
Canim L., Ashwood 

Wagneria helyma (Walk.). Soda Cr., Quesnel, Salmon Arm, Kamloops, Kitchener, Victoria, 
Trinity Valley, McLeese L. Rd., Wilmer 

— vernata West. Agassiz 

Winthemia amoena (Mg.) = (W. fumiferanae Toth.). Cowichan L., Lillooet, Salmon 
Arm, Duncan, Keremeos, Boswell, Vavenby, Cinquefoil L., Barriere L. Rd., Johnson L., 
Davie L., Squilax, Mi. 414} Alaska Hwy., Vancouver, Lytton, Silver Hills Rd., Mi. 416 
Alaska Hwy. 

— borealis Rnh. McNair Cr., Radium, Phaly L. 

— datanae Tns. Shuswap Narrows, Trinity Valley, Sechelt, Pt. Haney, Monte Cr., Needles, 
Finlay Cr., Squilax, Hotel Hill, Deep Cr., O.K. Ldg. 

— militaris (Walsh). Agassiz, Soda Cr., Kamloops, Chilcotin, Nicola, Jesmond, Coalmont 

— occidentis Rnh. Vancouver, Victoria, Quesnel, Burrard Inlet, Saanich, Seymour Cr. 

— rufonotata (Big.). Lillooet, Likely, Agassiz, Creston, Trinity Valley, Forbidden Plateau 

— rufopicta (Big.). Chilcotin 

— sinuata Rnh. Salmon Arm, Fairmont 

Xanthoepalpus bicolor (Will.). Shuswap, Duncan, Vancouver, Sidney, Saanich, Steelhead, 
Sardis, Courtenay, Lund, Glendale Cove, Campbell L., Duncan, Fitzgerald, Cumberland, 
Parksville, Salt Spring Isl., Victoria, Saturna (?) Isl., Coquitlam, Cowichan, Sechelt, 
Quadra Isl., Procter 

Xanthoernestia antennalis Tns. nr. Lillooet, Fife, Kettle Valley, Salmon Arm, Trinity 
Valley, Italy Cr., Beaton 

Xanthomelanodes californica Tns. Olivia 

Xanthophyto labis (Coq.). Lillooet, Chase, Nakusp 

Zenillia blanda (O.S.). Vancouver, Likely, Cultus L., Nicoamen, Indian R., Terrace 

— epicydes (Walk.). See Aplomya 

— futilis (O.S.). Kamloops, Monashee, Vancouver, Burnaby, Brighouse, Ladner, Pitt 
Meadows, Quesnel, Jesmond, D’Arcy, Likely, Elko, Keremeos 

— virilis A. & W. Glacier Park (Flat Cr.), Lens Cr., T.V.S., Sechelt Forest, Edgewood, 
Agassiz, Burrard Inlet, Chehalis L., Lumby, Cottonwood Cr., Birch Isl., Prince Rupert, 
Trinity Valley, Zeballos R., Hope, Hulcar, Terrace, Mi. 80—B.B. Hwy., Ansty R., Falls 
Park, Cherryville, Cuisson Cr., Sicamous, Squilax, Canoe, Lantzville, Gowlland Isl., 
Boat Encampment, Soda Cr., Jewel L. 
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TEMPERATURE SELECTION OF THE CARP 
(CYPRINUS CARPIO LINN.)! 


By T. K. Pitt,? E. T. GArsIpE,’ AND R. L. HEPBURN? 


Abstract 


The selected or preferred temperatures of the carp were determined for six 
acclimation temperatures. At 10°C., 15°C., 20°C., 25°C., 30° C., and 35° C. 
acclimation the selected temperatures were 17° C., 25° C., 27° C., 31° C., 31° C., 
and 32°C. respectively. The final preferendum of carp was found to be 32° C. 


Introduction 


According to Fry (2), temperature can act as a directive factor and the 
selected or preferred temperature is related to the thermal history of the 
organism. The temperature to which an organism has become adjusted is 
known as the acclimation temperature. It was the purpose of this study to 
determine the selected temperatures of the carp, Cyprinus carpio Linn., at 
various acclimation temperatures. In addition to this the final preferendum 


has been calculated. 


Materials and Methods 


Tests were performed on six carp acclimated at five degree temperature 
intervals from 10° C. to 35°C. The fish were all in their first year and were 
from two to three inches in length. They were fed on a mixture of ground 
meat, fish, and cereal products supplemented with feedings of water fleas, 
Daphnia sp. 

The type of equipment used was similar to that employed by Brett (1) 
both in the type of tank used and the method of setting up a temperature 
gradient in the tank. Acclimation to each temperature was accomplished by 
adjusting the temperature one degree each 24 hr. An additional two days 
were allowed to ensure more complete acclimation. 

The method of recording the preferred temperatures after a gradient was 
set up in the tank was to carry out a series of counts of 10 min. duration 
followed by an interval of 10 min. In recording the position of the fish during 
these counts the “‘instantaneous”’ position of the fish at each minute for 10 
consecutive minutes was recorded. The temperature in each cell was recorded 
both before and after each series and the mean of these was taken as the 
temperature in that particular cell for that series of counts. 


Results 


The preferred temperatures at each of the various acclimation temperatures 
can be indicated by two methods, the mean or the mode (Brett (1) ). The 
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TABLE I 


THE PERCENTAGE DISTRIBUTION OF THE OBSERVATIONS ON THE OCCURRENCE OF CARP 
ACCLIMATED TO VARIOUS TEMPERATURES. IN EACH CASE THE TOTAL RANGE OF 
TEMPERATURES AVAILABLE IN THE GRADIENT WAS 10° To 40°C. 


Acclimation temperatures 


Temp., °C 10°C iSs€ 20°C 28°C. 26°C 35°C 
12 Hee | 
13 1.9 
14 7.8 
15 23.6 
16 16.4 
17 31.4 
18 11.4 2:3 
19 1.4 0 0.8 
20 5.3 9.2 0.3 0.6 
21 5.8 0 0.6 
22 8.1 0.6 0.9 
23 9.2 6.4 is 
24 7.0 8.6 3.0 
25 22.9 8.9 0 
26 10.0 a1:2 3.0 
27 tJ 33.1 0.6 2.1 
28 11.5 7.8 0.3 8.0 3 
29 2.3 0.2 7.0 6.6 8.3 
30 1.5 19.6 11.6 2.5 
31 0.6 48.0 19.9 19.6 
32 7S 16.1 29.6 
33 6.1 19.4 17.9 
34 if 0.3 5.4 
35 Zt 10.8 
36 1.2 2.9 
37 2.4 a 
38 0.3 
Total observations 360 480 359 358 336 240 
Preferenda 
Mode 17 25 27 31 31 32 
Mean 16.3 24.4 26.0 31.0 30.6 32.3 
S.D. 3 1:7 1.6 3 3.0 2.0 


mode is found by inspection, whereas the mean is a temperature corresponding 
to the mean position of the fish. Both methods were used in this paper, but 
it is considered that the mode is the statistic that best describes the preferred 
temperature since it is the most frequently occupied position and thus is in 
fact the definition of the preferred temperature. 

Table I gives the frequency distribution of the fish as well as the mode and 
mean at various acclimation temperatures. 

At the 10°C. acclimation level the carp fed poorly, and movements were 
slow, and for the most part, en masse. In the 35° C. acclimation environment 
the fish were extremely active and moved very rapidly about the tank. At 
the other temperatures of acclimation no unusual behavior was noted. 
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Fic. 1. The relation of the preferred temperature of carp to the acclimation temperature. 


The combined results of the experiments are shown graphically in Fig. 1. 
The preferred temperatures have been plotted against the acclimation 
temperatures. The 45° angle line through the origin has been constructed 
and this line is the locus of all points with co-ordinates of equal value. The 
intersection of this line with the curve of preferred temperatures gives the 
point at which a preferred temperature equals the acclimation temperature. 
This point has been called the final preferendum (Fry (2)). It is the 
temperature which all fish will eventually select regardless of their previous 
thermal experiences. In this experiment it was found that the final 
preferendum of carp was 32° C. 
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DETERMINATION OF PECTIN POLYGALACTURONASE 
IN FOUR SPECIES OF APHIDS! 


By J. W. McALLan? anp M. L. CAMERON?’ 


Abstract 


Investigation of the pectin polygalacturonase content by chromatographic 
and viscometric methods showed that the enzyme is present in the following 
four species of aphids in approximately the following amounts per 1000 aphids: 
Myzus persicae (Sulz.), 470X10-® gm.; Aulacorthum solani (Kltb.), Macro- 
stphum solanifolit (Ashm.), and Aphis abbreviata Patch, 140-160X10-9 gm. 
The site and function of the enzyme in the aphids were not determined. 


Introduction 


The feeding habits of aphids suggest that they have some means of 
hydrolyzing the middle lamella of the plant tissues penetrated by the stylets. 
Most workers in the field agree that the stylets generally pass through the 
middle lamella only (3, 6), and that after penetration a sheath containing both 
protein and pectic substances is laid down around the stylets (1, 11). As the 
middle lamella is largely comprised of pectic substances, the possibility of the 
presence in the aphid of an enzyme able to hydrolyze pectins was investigated. 

Only three pectic enzymes are known to exist, of which one, pectin depoly- 
merase, is too poorly defined to admit of accurate analysis of its activities (8). 
Of the other two, pectin methylesterase hydrolyzes the methyl end groups 
in pectinic acid, producing pectic acid, and pectin polygalacturonase hydrolyzes 
the 1,4-glycosidic linkages in pectic and pectinic acids and in pectates in 
which not all the carboxyl groups are methylated or linked to form a salt. 


Materials and Methods 


Four species of aphid were examined: Myzus persicae (Sulz.), Macrosiphum 
solanifolit (Ashm.), Aulacorthum solani (Kltb.), and Aphis abbreviata Patch. 
These are all vectors of potato leaf roll. Most of the work was done with 
M. persicae, as it is the easiest of the four to rear in large numbers. Only a 
few experiments were carried out with A. abbreviata because of the difficulty 
of rearing it during the winter. 

Although it would have been best to determine the enzyme content of the 
salivary glands, the difficulty of dissecting sufficient numbers of glands for 
tests of enzyme activity was so great that this method was abandoned. 
Therefore, all tests were carried out with extracts from whole aphids. A 
known number and weight of aphids were ground with mortar and pestle in 
acetate buffer of pH 4.6. The mixture was filtered on a fritted glass filter 

1Manuscript received in original form December 1, 1955, and, as revised, August 31, 1956. 
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and the filtrate reduced to a volume of 1.0 ml. by evaporation in vacuo. One 
half of the aliquot was heated in a boiling water bath for 20 min. to inactivate 
the enzymes, and then both portions were tested for activity on pectic 
substrates. 

The substrates used were pectic acid (technical grade, Eastman Kodak Co., 
Rochester 3, N.Y.) and pectinic acid prepared in the laboratory from Certo 
(General Foods Ltd., Toronto, Ontario). The following method of purification 
of pectinic acid was used (8): Toa known amount of Certo, twice the volume 
of 95% ethanol, acidified with hydrochloric acid to give a final concentration 
of 0.05 N HCl, was added slowly, with constant and rapid stirring. The 
pectinic acid precipitated as a light, flocculent mass, which was collected by 
filtration on a Biichner funnel over a vacuum. The precipitate was washed 
three times on the funnel with 95% ethanol, twice with absolute ethanol, 
and twice with diethyl ether. When the precipitate was cleared of all free 
ether, it was ground with mortar and pestle to a fine powder. Chromato- 
graphic examination of solutions of this preparation showed no impurities. 


Pectic acid was made up in 2% solution as follows: Two grams of pectic 
acid were added with constant stirring to 50 ml. of 0.1. N NaOH. The 
hydroxide was then neutralized with 50 ml. of 0.1 N HCl. Pectinic acid 
was made up in 1% solution by adding the powder very slowly to water at 
about 60°C. with rapid and constant stirring. These substrates were 
preserved by adding 5 X 10-° gm. of terramycin per milliliter of substrate, 
covering with three or four drops of toluene, and storing at 4° C. This method 
of preservation did not affect the estimation of reducing activity, viscosity, 
or chromatographic separation, but prevented deterioration of solutions for 
periods up to five weeks. 

Pectin methylesterase activity is determined by observing the change in 
pH caused by an increase in acid groups on pectinic acid molecules. This is 
most easily done by adjusting the pH of the enzyme-substrate mixture to 6.0 
with 0.1 N NaOH, using methy] red indicator. The last drop of hydroxide 
should just change the solution from pink to yellow. If pectin methylesterase 
is present in the mixture, a pink color will develop in less than 30 min. 

Pectinase activity may be determined by several methods, depending on 
the concentration of enzyme in relation to substrate. If sufficient enzyme 
activity is present, an increase in reducing power of the solution may be 
measured. However, neither the Holter and Doyle modification of the 
Linderstrgm-Lang and Holter iodometric method for reducing sugars (5) nor 
the ferricyanide method of Folin (4) was sensitive enough to be of use in the 
present investigation. 


A very sensitive method, which also shows the products of hydrolysis, is 
paper chromatography. Chromatograms were developed on Whatman No. 1 
paper, by upward development in a glass tank. The solvent used was the 
upper layer of a 4:1:5 mixture of m-butanol, acetic acid, and water, the 
lower layer being placed in a small container in the bottom of the tank (2). 
Chromatograms were run at room temperature for 20 to 24 hr., the front 
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moving about 35 cm. in that time. The chromatogram was then removed, 
dried at 105° C. for about 30 min., and sprayed with an aniline acid phthalate 
solution prepared by dissolving 0.99 gm. of aniline and 1.66 gm. of phthalic 
acid in 100 ml. of glacial acetic acid (7). After it was sprayed, the chromato- 
gram was heated at 105° C. for two to three minutes, when the products of 
pectic acid hydrolysis appeared as brown to pink spots on aclear background. 

For rapid determinations, the test tube method of Rockland and Dunn (10) 
was used. Stoppered test tubes 15 cm. long and 1.8 cm. inside diameter, 
containing 0.5 ml. of the butanol solvent, served as containers. Strips of 
Whatman No. 1 paper were cut 13.5 cm. long, 1.8 cm. wide at the top, and 
1.0 cm. wide at the bottom. Test materials were applied to these strips near 
the bottom in the usual manner, the strips inserted in the test tubes, and the 
chromatograms developed at 35° C. for two hours, after which the chromato- 
grams were dried, sprayed, and heated as before. These small chromatograms 
gave remarkably accurate results. 

Fig. 1 indicates the chromatograms prepared from pectic acid and pectinase; 
pectic acid and aphid extract; pectic acid and boiled aphid extract; and pectic 
acid and buffer. The solutions separated in this chromatogram were incubated 
for six days, and the hydrolysis by commercial pectinase went much further 
than that by aphid extract. 

Pectic acid and commercial pectinase solutions were made up and hydrolysis 
stopped after various intervals from the beginning by the addition of formalde- 
hyde to the hydrolyzate. Among the chromatographed samples of these 
preparations there were some in which hydrolysis had proceeded to the same 
extent as was reached by the aphid extracts, and in all these the number of 
products separated on the paper were the same for both hydrolyzates, and 
had the same Rr values (Fig. 2). 

Kertesz (8) says that the most sensitive test for small concentrations of 
pectinase is the loss of viscosity of a solution of pectic acid when incubated 
with pectinase. Viscosity was measured with laboratory-made viscometers. 
These were constructed of glass tubing with long capillary tips at both ends. 
The time required for the solution being tested to flow from a mark on the 
upper capillary to a mark on the lower capillary was measured with a stop 
watch. This time was used as a function of the viscosity of the solution. 
The volume of solution contained between the marks was about 1.7 ml. 
Distilled water was timed between the marks during every series of determina- 
tions, and its time used to correct for small differences in temperature between 
the series. Typical readings at 20°C. are: distilled water, 20.0 sec.; 1% 
pectinic acid, 95.0 sec.; 2% pectic acid, 85.6 sec. 

Reid (9) has said that there is a straight line relationship between the 
percentage loss of viscosity of a pectic acid solution and the logarithm of the 
concentration of pectinase. This relationship was reinvestigated during the 
present work, and although it is approximately true for concentrations of 
enzyme above 10-* gm./ml., it does not hold below this concentration. A 
straight line relationship appears if the logarithm of the enzyme concentration 
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is plotted against the logarithm of percentage loss of viscosity. Results were 
tested by the method of least squares and good correlation found. However, 
as log—log plots are most accommodating to the correlation of data, they are 
of doubtful value in establishing the extent of positive correlation between 
enzyme concentration and viscosity changes. This relationship has provided 
a useful basis on which to estimate the pectinase activity of aphid extracts. 
(The degree of purity of the commercial pectinase used is not known, so that 
the true amounts of pectinase in aphids may be much lower than those shown 
in Table I.) 

In order to estimate the concentration of pectinase per aphid, a weighed 
and counted sample of aphids was prepared for enzyme hydrolysis as already 
described. Both aphid extracts and pectinase solutions of known concentra- 
tion were incubated with pectic acid at 35° C. for 24hr. and the loss in 
viscosity was measured. 

Enzyme-substrate tests for viscosity determinations were conducted as 
follows: four test tubes with plastic screw caps were used, the first containing 
2.0 ml. of substrate and 0.5 ml. of active aphid extract; the second, 2.0 ml. of 
substrate and 0.5 ml. of heated aphid extract; the third, 2.0 ml. of substrate 
and 0.5 ml. of the acetate buffer used in making the extracts; and the fourth, 
distilled water only. If chromatographic determinations were also to be made, 
the fourth tube contained aphid extract instead of distilled water and a fifth 
tube contained substrate only. These mixtures were incubated for one to 
four days at 35° C., with one to two drops of toluene as preservative. Viscosity 
measurements of each were made both before and after incubation. 

Of the methods used to determine the action of pectinase, the chromato- 
graphic method is less sensitive than the viscometric method, but, as it shows 
the degree of hydrolysis, is more informative. By use of the viscometric 
method, on the other hand, it was possible to estimate the enzyme concentra- 
tion per aphid, and so to compare the pectinase activity in the four species 
of aphids studied. 


Results 


All tests for pectin methylesterase in aphid extracts gave negative results. 
This enzyme does not occur in detectable quantities in these aphids. 

Chromatographic tests (Figs. 1-3) show that extracts of the four species of 
aphids caused hydrolysis of pectic acid, that the products of hydrolysis due 
to aphid extracts have the same Rr values as the products of hydrolysis due 
to commercial pectinase, and that the final product of hydrolysis has the 
same Rp value as galacturonic acid, which shows that the active material in 
aphids is pectin polygalacturonase (8). The hydrolysis shown in Fig. 1 was 
caused by the pectinase contained in 100 of M. persicae acting for six days. 
The hydrolysis shown in Fig. 2, C, was caused by a 0.16% solution of 
commercial pectinase acting for 10 min. Tests with the other three species 
of aphids gave similar chromatograms (Fig. 3). 
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Fic, 1. Chromatograms of pectic acid and commercial pectinase (A), pectic acid and 
aphid extract (M. persicae) (B), aphid extract alone (C), and pectinase alone (D) (the 
numbers refer to Rr values). Fic. 2. Chromatograms of pectic acid and 0.02% 
commercial pectinase acting 20 sec. (A), pectic acid and pectinase acting one minute (B), 
pectic acid and pectinase acting 20 min. (C), pectic acid alone (D), and pectinase alone (E) 
(the numbers refer to Rr values). Fic. 3. Chromatograms showing the breakdown of 
a pectic acid substrate by extracts of A. abbreviata (A), M. solanifolit (C), and A. solani 
(E); B, D, and F are the controls. 
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Viscosity measurements gave results comparable with those obtained from 
chromatographic analysis, and indicated that the difference in rates of 
hydrolysis caused by commercial pectinase and aphid extracts was the result 
of a low concentration of enzyme in the aphid extracts. 

It was found that the concentration of pectinase in M. persicae is signi- 
ficantly greater than that in either A. solani or M. solanifolii, and that 
A. solani and M. solanifolii have essentially the same concentration. The 
results of tests with A. abbreviata are not shown, because the animals for 
enough tests were not available. The incomplete tests with A. abbreviata 
suggested that its concentration of pectinase is similar to that of A. solani 
and M. solantfolii (Table I). 


TABLE I 


DATA SHOWING THE CHARACTER OF THE SAMPLE AND THE CONCENTRATION OF 
PECTINASE IN EACH OF THREE SPECIES OF APHIDS 





Average 
Amount of Amount of amount of 
pectinase pectinase pectinase 
Number Weight Percentage per mi. of in 1000 in 1000 
of aphids in of sample, loss of solution, aphids, aphids, 
Species in sample mgm. viscosity gm. X 10-® gm. X 10-9 gm. X 107-9 
Myzus persicae 480 105.6 4.67 70.0 364 
580 243.6 7.25 135.0 582 
510 184.7 4.95 76.0 372 
450 116.5 6.05 103.0 572 470 
Macrosiphum solanifolit 390 148.2 2.30 23.2 149 
450 290.5 2.05 19.5 108 
470 208.3 2.82 26.5 140 
420 206.0 3.34 41.3 245 160 
Aulacorthum solani 580 197.2 2.85 32.5 140 
480 137.7 3.26 40.0 208 
450 105.0 1.41 11.0 61 140 
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Fic. 4. Correlation between the loss of viscosity and the concentration of pectinase. 
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Discussion 


It remains to find a way of determining the site of pectinase in the aphid. 
Circumstantial evidence in the literature on the feeding habits and structure 
of the sucking insects points to the salivary glands. If the salivary glands 
are the sites of pectinase in the aphid, as the literature seems to indicate, 
then the amounts of pectinase in the aphids studied appear sufficient to 
hydrolyze the pectins of the middle lamella and aid in the penetration of the 
stylets to the feeding site in the plant. It should be worth while, in view of 
the very scanty information on aphid nutrition, to attempt to study the fate 
of the galacturonic acid produced by the aphid pectinase. Is it excreted 
unchanged, or does it enter into the metabolic processes of the insect? There 
is also an association between the relative amounts of pectinase in these aphids 
and their abilities to transmit leaf roll of potatoes. Is this association 
fortuitous, or is the virus influenced in some way by enzymes in the aphid ? 
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ACCLIMATION TIMES IN DAHLBOMINUS FUSCIPENNIS (ZETT.) 
(HYMENOPTERA: CHALCIDOIDEA)! 


By W. F. BALDWIN? AND D. F. RIORDAN? 


Abstract 


Thermal adjustment to high temperatures in Dahlbominus fuscipennis (Zett.) 
is a rapid process. The peaks of resistance to the lethal temperature of 43° C. 
for starved adults held at 36°C. and 32°C. were reached in two and three 
hours respectively. It is suggested that the fall in resistance after these peaks 
was caused by changes in specific gravity of the haemolymph. 


Introduction 


The capacity of insects to acclimate to high, and ultimately lethal, tempera- 
tures has been investigated by several workers, including Bodenheimer and 
Klein (3) and Fraenkel and Hopf (5). Recently, Baldwin (1) outlined the 
limits of tolerance of Dahlbominus fuscipennis (Zett.) at various temperatures 
and showed that insects reared at 29° C. were more resistant to temperatures 
in the 40° to 46° C. range than those reared at 17° or 23°C. This paper is a 
report on the degree of acclimation that may be induced by thermal condition- 
ing over periods up to 24 hr. 


Materials and Methods 


D. fuscipennis was reared in large numbers on cocoons of the sawfly 
Neodiprion lecontei (Fitch) at 23° C. (saturation deficiency of 5 gm./cu.m.). 
Emerging females were collected over 24-hr. periods and exposed immediately 
for various times to temperatures of 23°, 29°, 32°, and 36° C. in tubes immersed 
in water baths at these temperatures. Saturated air, supplied at 50 cc. per 
min., was circulated through the tubes during the exposures. Tests of 
resistance developed were conducted at the lethal high temperature of 43° C. 
in similar water baths immediately after conditioning. The insects were not 
fed before or after the experiments. Ten vials, each containing 50 insects, 
were removed from the lethal temperature baths at logarithmic intervals of 
time over the mortality range and returned to 23°C. Mortality was 
determined 48 hr. later. Each experiment was repeated four times. The 
results were plotted as probit regression lines and statistically analyzed by the 
method of Litchfield and Wilcoxon (6). The details of rearing the insects and 
conducting lethal temperature tests were described previously (1). 


Results 


Fig. 1 shows the EDs values (median effective dose estimates in minutes) 
obtained from the tests at 43° C. plotted against conditioning time in hours. 
After two hours at the acclimation temperature of 36° C. the resistance of the 
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Fic. 1. Times to 50% mortality of Dahlbominus fuscipennnis treated at 36°, 32°, 29°, 
and 23° C. in saturated air circulating at 50 cc./min. for various times and tested at 43° C.; 
95% confidence limits for each value shown by dotted line. 


insects exposed to 43° C. increased from 205 min. to 438 min. and then 
decreased to a minimal level at 18 to 24hr. Insects treated at 32° C. exhibited 
the same general pattern of resistance at a lower level; the values rose to 295 
min. at three hours and then declined to a minimal value at 12 to 24 hr. At 
32° C. the differences between the expected times to 50% mortality of insects 
treated for 12, 18, and 24 hr. were not significant (P >0.05). The insects 
treated at 29°C. did not differ significantly in resistance from those treated 
at 23° C. except for treatments of six hours. 


Discussion 


The rise in tolerance during the first two or three hours of treatment at 
36° and 32°C. shows that adjustment to high temperatures takes place 
rapidly in D. fuscipennis. In comparison, the rate of gain in tolerance of 
goldfish to lethal high temperatures is much slower (Brett (4) ), as several 
days are required to complete the process of acclimation. Aquatic animals, 
however, would not be subjected to the extreme fluctuations in temperature 
encountered by terrestrial insects, and it seems reasonabie to assume that 
ability to adjust rapidly to violent changes in environmental temperatures is 
a prerequisite for existence on land by animals that live exposed to weather 
changes. 
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The fall in resistance after the peaks at two and three hours has been 
attributed (1) to the effects of starvation. Tests of the specific gravity of 
haemolymph of larvae of the sawflies NV. lecontei and N. sertifer (Geoff.) held 
at 36° C. (2) suggest another explanation, as an abrupt rise in specific gravity 
occurred after two hours at this temperature. This coincidence may indicate 
that previous to this point the tolerance of the insects rapidly increased while 
the haemolymph specific gravity remained at a comparatively low level; 
further treatment may have resulted in a fall in tolerance accompanying the 
rise in specific gravity. At the treatment temperatures of 36° and 32°C., 
the evaporation rate of water from the insects would be extremely high, as 
shown by work on the oriental cockroach (7). Baldwin (1) showed that any 
conditions imposed on D. fuscipennis that were conducive to desiccation 
invariably increased resistance to lethal high temperatures. Thus, the 
maintenance of the density of the haemolymph at a comparatively low level 
during the first two hours may represent a delay period during which the 
sawflies can maintain a normal water balance in the haemolymph despite a 
high evaporative rate by drawing on the body tissues, with consequent 
desiccation of tissue cells. If this is the case with D. fuscipennis, desiccation 
of the body cells probably proceeds rapidly during the first two hours, after 
which the evaporation from the insect exceeds the replacement capacity of the 
body cells. Therefore water loss after two hours may lower the tolerance as 
the specific gravity of body fluids (mainly haemolymph) rises to a high level. 
It is significant, however, that even with more prolonged treatment at 36° C. 
the tolerance of the insects was greater than at 23° C.; in fact, this relation- 
ship held for treatment for any time up to 24 hr. 

In previous work (1), D. fuscipennis females reared at 29° and a saturation 
deficiency of 5 gm./cu.m. were more resistant than insects held at 23° or 17° C. 
In the present work, the insects were conditioned in saturated air; the 
evaporative rate at 29° C. under these conditions would not be comparable to 
that at a saturation deficiency of 5 gm./cu.m. This offers an explanation for 
the lack of a significant difference between results at 23° and 29° C. 
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GROSS COMPOSITION OF MUSK-OX MILK! 
By J. S. TENER 


Abstract 


A sample of musk-ox milk was analyzed for its nutritional components. Fat 
content was found to be 11.0%, protein content 5.3%, and lactose content 
3.6%. The vitamin By: content was 3.4 ugm. per liter. 


As part of the continuing study by the Canadian Wildlife Service of the 
biology of musk oxen, a five weeks’ survey was undertaken in March and 
April, 1956, on part of the winter range of those animals in the eastern portion 
of the Thelon Game Sanctuary, Northwest Territories. 

An adult cow musk ox was collected there, on April 22, under permit from 
the Department of Northern Affairs and National Resources, Ottawa. This 
cow had given birth to a calf about 24 hr. previously, and as she was lactating, 
76 gm. of milk was collected immediately after death by digital manipulation 
of the udders and by excision of the gland. The milk was put into a plastic 
bottle and preserved with corrosive sublimate. The sample, which then 
froze, became curdled after it had been thawed, but did not sour. 

The milk was analyzed by Dr. R. R. Riel, Chemistry Division, Science 
Service, Department of Agriculture, Ottawa, and a vitamin By. determination 
was made by Dr. J. A. Campbell, Food and Drug Directorate, Department of 
National Health and Welfare, Ottawa. 

Fat and total solids were determined by the Mojonnier method. Proteins 
and non-acid-precipitable proteins were determined by the semimicro-Kjeldahl 
method. Lactose was estimated by the anthrone method, except that the 
developed color was measured at 620 uw with a Beckman Model DU spectro- 
photometer, and ash was determined according to the A.O.A.C. method. 

The results of the analyses are given in Table I. Fat content averaged 
11.0%, proteins 5.3%, and lactose 3.6%. The vitamin By content was found 


TABLE I 


GROSS COMPOSITION OF MUSK-OX MILK IN PERCENTAGES 


Constituent Average % of 2 samples 
Water 78.5 
Total solids 21.54 
Fat 11.0 
Solids not fat 10.6 
Proteins wae 
Non-acid-precipitable proteins 1.8 
Acid-precipitable proteins 3:5 
Lactose 3.6 
Ash 1.8 
Vitamin Bi 3.4 micrograms per liter 


1Manuscript received July 26, 1956. 
Contribution from the Department of Northern Affairs and National Resources, Ottawa, Canada. 
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to be 3.4 ugm. per liter. Table II lists composition figures of milk from the 
musk ox and other mammals, as given by Espe and Smith (2), and with 
additions by Kitts et al. (3), and this writer. 

The total caloric content of the musk-ox milk was not determined by 
bomb calorimetry, but the gross content was estimated by calculation from 
the composition values. This was computed to be 657.7 kcal. per Ib. 

The caloric values of 1 gm. of milk from species listed by Kitts et al. (3), 
along with those of bison and musk ox, have been calculated and are presented 
in Table III. These values are based on the gross heats of combustion of 
proteins, fats, and carbohydrates in the report of the Food and Agriculture 
Organization of the United Nations (1). No correction factor for the loss in 
urine has been applied to the protein value of 5.65 cal. per gm. The fat and 
carbohydrate values of 9.25 and 3.95 cal. per gm., respectively, have not been 
corrected as ingested nutrients, for the coefficients of digestibilities of the 
animals probably are variable. 


TABLE II 


COMPARISON OF THE COMPOSITION OF MUSK-OX MILK WITH THAT OF OTHER MAMMALS* 








Constituents as percentages of the whole milk 























Total 
Species Fat Protein Lactose Ash Water solids 
Deer (Hagen, 1951) 8.3 — — 1.4 79.6 20.4 
Deer (Kitts et al.) 10.5 9.6 3.9 1.6 74.9 25.2 
Deer (Kitts et al.) 10.5 9.0 4.7 is 74.6 25.4 
Deer (Kitts et al.) 10.2 8.1 4.5 1.6 75.5 24.5 
Reindeer 22.5 10.3 a3 1.4 63.3 36.7 
Man 3.8 1.6 7.0 0.2 87.4 12.6 
Horse 1.6 r | 6.1 0.5 89.0 11.0 
Sheep 6.2 5.4 4.3 0.9 82.9 17.1 
Cow 4.4 3.8 4.9 0.7 86.2 13.8 
Pig 7.0 6.0 4.0 0.9 83.0 17.0 
Pronghorn antelope 13.0 6.9 4.0 1.3 a5.4 24.9 
Water buffalo 12.0 6.0 4.0 0.9 wt 22.9 
Bison (sample I) 1.8 arg 3.742) 0.9 ~- 13.0 
(sample ITI) Ld 4.2 1.0 — 13.7 
Musk ox 11.0 a0 3.6 1.8 78.46 21.5 
*After Espe and Smith, and Kitts et al. 
TABLE III 
CALCULATED CALORIC VALUE (CAL./GM.) MILK FROM SEVERAL SPECIES 
Species 
Deer sample Prong- Bison 
—_———————- Rein- horn Water ————————- Musk 
1 2 3 deer Man Horse Sheep Cow Pig antelope buffalo 1 2 ox 





1.66 1.66 1.58 2.73 0.70 0.54 1.04 0.81 1.13 1.74 1.60 0.52 0.62 1.45 
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Discussion 


The values of the constituents found in the present sample of musk-ox 
milk may have been influenced by the death of the animal prior to milking and 
was undoubtedly influenced by the stage of lactation of the cow. As Espe 
and Smith indicate, however, gross composition of milk tends to become stable 
12 to 18 hr. post partum. The values obtained are useful, therefore, as a 
basis of comparison of musk-ox milk with the milk of other animals. 

Musk-ox milk most closely resembles that of water buffalo in its constituent 
proportions and energy distribution. Surprisingly enough, those of the 
bison, as calculated from Shutt’s (4) data, are in no way similar. It may be 
that the fat content of musk-ox milk is higher than that of the milk of bison 
because musk-ox calves need a highly nutritious diet to cope with a very 
rigorous environment. 

The vitamin By, content of musk-ox milk is somewhat similar to that found 
in the milk of domestic cattle. 

The milk of reindeer, the other arctic ungulate considered in Tables II and 
III, has twice the fat and protein content and two-thirds the factose content 
of musk-ox milk. This higher content of the two constituents is most likely 
an inherited characteristic of the species and may be associated with its 
earlier age of sexual maturity and more precocious development of the young, 
as compared with musk oxen. 

Of all arctic ungulates, musk oxen exist under some of the most rigorous 
conditions (Tener (5) ). Calves are born in a tundra winter environment and 
may be nursed as long as a month before spring vegetation appears. The 
cow from which the present milk sample was obtained was in good condition 
with an abundance of visceral and back fat. There did not appear to have 
been any strain of gestation on it, as postulated for deer by Kitts et al. (3). 
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DESCRIPTION OF GENOLINEA ONCORHYNCHI N. SP. 
(TREMATODA: HEMIURIDAE) FROM ONCORHYNCHUS 
GORBUSCHA IN BRITISH COLUMBIA 
WITH NOTES ON THE GENUS! 


By L. MARGOLIS AND JAMES R_ ADAmMs? 


Abstract 


Genolinea oncorhynchi n. sp., parasitic in the stomach of Oncorhynchus gorbuscha 
(pink salmon) from British Columbia marine waters, is described and compared 
with other known members of Genolinea. Notes on host and geographical 
distribution of the genus are presented. 


A survey of the parasites of Pacific salmon, genus Oncorhynchus, yielded 
two individuals of an apparently undescribed species of Genolinea. Both 
specimens were taken from the stomach of a juvenile pink salmon, O. gorbuscha. 
The host measured 80 mm. in fork length and had been in the sea for no more 
than three months. It was one of a group of 41 pink salmon examined from 
a beach seine catch at Alert Bay, Vancouver Island, British Columbia, on 
June 28, 1955. Three more young pink salmon taken at the same place on 
July 14 were free of this parasite. Also 50 O. gorbuscha with a similar period 
of marine residence taken at the Gnarled Islands, northern British Columbia 
on June 29 did not harbor this parasite. 


Genolinea oncorhynchi n. sp. 
(Figs. 1 and 2) 


Of the two specimens one is mature with many eggs in the uterus and the 
other is young with only five eggs in the proximal portion of the uterus. 
The mature individual was studied from a ventral balsam mount and the 
younger specimen was mounted laterally. In the following description, 
measurements of the mature specimen are cited first, with measurements of 
the smaller individual placed in parentheses. All measurements are given in 
millimeters, except for the eggs, which are given in microns. 


Description 

The body is more or less cylindrical, having roughly the same diameter from 
the acetabulum to the broadly rounded posterior end. Anterior to the 
acetabulum it tapers gradually to a rounded anterior extremity. Body length 
is 0.745 (0.581) and the maximum breadth, at the level of the acetabulum, is 
0.158 (0.130). The cuticle is smooth. The forebody is a little less than 
3 body length. The oral sucker measures 0.06 in diameter (0.048 in length 
by 0.057 in width). The acetabulum lies 0.170 (0.116) behind the oral sucker 


1Manuscript received July 5, 1956. 
Contribution from the Fisheries Research Board of Canada, Biological Station, Nanaimo, 


British Columbia. 
*Address: Department of Zoology, University of British Columbia, Vancouver, B.C. 
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Fic. 1. Ventral view of mature specimen of Genolinea oncorhynchi n. sp. 
Fic. 2. Lateral view of forebody of young specimen of Genolinea oncorhynchi n. sp. 
Note sphincter muscles in acetabulum. 


and measures 0.124 (0.110) in diameter. Circular sphincter muscles are 
present in the acetabulum. The sucker ratio is about 1:2. The pharynx is 
broader than long, measuring 0.031 by 0.046 (0.030 by 0.037). The oesophagus 
is short and branches into two simple caeca that end blindly near the posterior 
end of the body. 

The slightly oval, smooth testes lie obliquely lateral to one another just 
behind the acetabulum. The anterior testis measures 0.093 in length by 
0.078 in width (0.085 in length by 0.062 in depth) and is situated to the right 
of the mid-line, barely extending anterior to the hind margin of the acetabulum. 
The posterior testis, measuring 0.108 in length by 0.093 in width (0.085 in 
length by 0.070 in depth), lies to the left of the mid-line and is more dorsally 
situated than the anterior one. The seminal vesicle is tubular, coiled, mainly 
preacetabular but arises a little behind the anterior edge of the acetabulum. 
Its maximum diameter is 0.047 (0.031). The short prostatic duct is largely 
dorsal to the base of the sinus sac and is completely surrounded by prostatic 
cells. In the smaller specimen it is a little less than ? the length of the sinus 
sac. The pars prostatica leads into a hermaphroditic duct which is enclosed 
in a muscular sinus sac. The hermaphroditic duct is protruding from the 
genital pore in the larger specimen and can apparently function as a copulatory 
organ. It is somewhat sinuous in lateral view of the smaller specimen. The 
ovoidal sinus sac, measuring 0.043 in width (0.043 in length by 0.031 in 
width), is directed obliquely dorsoventrally. The length of the sinus sac in 
the larger specimen could not be determined because the specimen is mounted 
ventrally. The ventral genital pore lies behind the intestinal bifurcation. 
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The globular ovary is situated mostly behind the testes but partially ventral 
to the posterior one. It measures 0.093 in diameter (0.073). The oval 
vitelline glands lie posterodorsal to the ovary, 0.093 (0.093) from the posterior 
extremity of the body. The anterior vitelline mass, measuring 0.078 in length 
by 0.047 in width (0.062 in length by 0.054 in depth), lies partially dorsal to 
the left portion of the ovary. The posterior vitelline mass, measuring 0.074 
in length by 0.062 in width (0.050 in length by 0.047 in depth), slightly 
overlaps the anterior one. The seminal receptacle was not seen with certainty, 
but it appears to lie dorsal to the ovary. Mehlis’ gland, apparent only in the 
smaller specimen, lies dorsal to the posterior vitelline gland. The uterus is 
mostly postacetabular. From its point of origin it passes posteriorly, dorsal 
to the vitellaria, to near the hind end of the body where it turns on itself and 
follows a sinuous course anteriorly, passing ventral to the left portion of the 
posterior vitellarium, dorsal to the ovary, ventral to the posterior testis, and 
dorsal to the anterior testis. The ova are 28-31 in length by 14-17 in width 
(28 by 14). 

The excretory pore is subterminal. The main excretory vessels could not 
be seen in detail but it was noted, in the smaller specimen, that the anterior 
arms unite dorsal to the pharynx. 

Type host: Oncorhynchus gorbuscha Walbaum (stomach) 

Type locality: Alert Bay, British Columbia 

Type specimens: The holotype (larger specimen) and paratype (smaller 

specimen) to be deposited in the National Museum, 
Ottawa, Canada. 


Discussion 

Yamaguti (12) lists seven species of Genolinea Manter, 1925, two of which 
originally had been allocated to other genera. Brachyphallus anurus Layman, 
1930 was transferred to Genolinea by Yamaguti (11) and this same author 
(12) considered the genus Parasterrhurus Manter, 1934 synonymous with 
Genolinea. The type and apparently only species of Parasterrhurus, Para- 
sterrhurus anurus Manter, 1934, became Genolinea anura (Manter, 1934). 
Since this specific name was pre-occupied by Layman’s species, Yamaguti (12) 
proposed the new combination Genolinea argentinae. 

Manter (9) described a new species, Genolinea dactylopagri, from New 
Zealand waters and presented a key to the six species which he recognized 
in the genus. He did not include G. argentinae and reduced Genolinea robusta 
Lloyd, 1938 to the synonymy of Genolinea laticauda Manter, 1925. Manter’s 
(9) paper was completed before Yamaguti’s (12) synopsis of the digenetic 
trematodes of fishes appeared and hence Manter’s opinions on the proposed 
synonymy of Parasterrhurus with Genolinea are not recorded. However, in a 
later paper Manter (10, p. 75) implies that he has accepted this synonymy 
and notes that the genus consists of seven species. There are thus eight 
species of Genolinea, including the newly described one, known up to the 
present time. The eight species, with their synonyms, hosts, localities, and 
recording authors are listed in Table I. 
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TABLE I 


LiIsT OF SPECIES OF Gexolinea WITH HOSTS, LOCALITIES, AND AUTHORS 


Species Hosts Localities Authors 
G. laticauda Hippoglossus hippoglossus Maine, U.S.A. Manter (6, 7) 
syn. G. robusta Scorpaenichthys marmoratus British Columbia McFarlane (5) 
Scorpaenichthys marmoratus Puget Sound, U.S.A. Lloyd (4) 
Ophtodon elongatus Puget Sound, U.S.A. Lloyd (4) 


G. aburame Hexagrammos otakii Inland Sea of Japan Yamaguti (11) 
G. anura Cottidae, Hexagrammidae, and Peter the Great Bay Layman (2) 
syn. B. anurus Pleuronectidae 
Oncorhynchus gorbuscha Amur River, U.S.S.R. Layman (2, 3) 
Chironemus spectabilis New Zealand Manter (9) 
G. manterét Leptocotitus armatus Puget Sound, U.S.A. Lloyd (4) 


G. montereyensis Clinocottus anatis California, U.S.A. Annereaux (1) 


G. argentinae Argentina striata Tortugas, Florida, U.S.A. Manter (8) 
syn. P. anurus 
. dactylopagri Dactylopagrus macropterus New Zealand Manter (9) 
Latridopsis ciliaris New Zealand Manter (9) 
. oncorhynchi Oncorhynchus gorbuscha British Columbia Present paper 


G. oncorhynchi n. sp. differs from the previously known species in body size 
(it is the smallest species) and in possessing relatively larger gonads with a 
more compact arrangement. The lengths of the testes and ovary are } to } 
of the total body length. It is distinct from all but G. /aticauda in possessing 
sphincter muscles in the acetabulum. 


The new species also differs from each of the previously described species 
as follows: from G. laticauda in that the acetabulum is more posteriorly 
located and the testes are less tandem and closer to the acetabulum; from 
G. dactylopagri in that the sucker ratio is smaller and the prostatic cells are less 
developed; from Genolinea montereyensis in that the acetabulum is more 
posteriorly located, the seminal vesicle is without sac-like expansions and the 
eggs are smaller; from Genolinea aburame in that the testes are closer to the 
acetabulum, the acetabulum is more posteriorly situated, the seminal vesicle 
is more coiled and lies farther forward in relation to the acetabulum, the 
sucker ratio is smaller, and the eggs are smaller; from Genolinea manteri and 
G. anura in that the testes are closer to the acetabulum, the forebody is longer 
with reference to total body length, the seminal vesicle is more anterior relative 
to the acetabulum, and from G. manteri only in that the eggs are smaller; from 
G. argentinae in that the sucker ratio is larger, the maximum body diameter is 
at the level of the acetabulum rather than posteriorly, the posterior extremity 
is rounded rather than truncated, and the testes are closer to the acetabulum. 


G. oncorhynchi is the second species of the genus to be reported from 
O. gorbuscha. Layman (2, 3) recorded G. anura once from this same host 
taken in the Amur River. It was more commonly found in fishes of other 
families taken in Peter the Great Bay. The genus Oncorhynchus appears to 
be an uncommon or accidental host of Genolinea spp. 











MARGOLIS AND ADAMS: DESCRIPTION 577 


The genus Genolinea is known only from marine waters, where it occurs 
mainly in the stomach, but occasionally in the intestine and pyloric caeca 
of fishes. 

From the data presented in Table I it is seen that Genolinea is a widespread 
genus, although it has not been recorded from European waters. Manter 
(10, p. 75) considers it a cold-water genus, emphasizing its bipolar distribution 
and occurrence only in the deeper and colder waters of tropical regions. The 
genus has been observed in the eastern and western North Pacific, in the 
northern American Atlantic, in New Zealand, and at Tortugas, Florida. 

The host families of the six northern species are covered by the known hosts 
of one of the species. G. anura was originally described from Cottidae, 
Pleuronectidae, Hexagrammidae, and Salmonidae (genus Oncorhynchus). The 
hosts of the other five species are included in one or more of these families. 
At Tortugas the host is a member of the Argentinidae, a family very closely 
allied to the Salmonidae. In New Zealand, where two species of Genolinea 
(one of which is G. anura) have been reported, the hosts belong to three families 
of the superfamily Cirrhitoidae, which is included in the same order as the 
Cottidae and Hexagrammidae but in a different suborder. The Pleuronectidae 
and Salmonidae belong to two separate orders. 

The foregoing discussion and the scarcity of G. oncorhyncht in Oncorhynchus 
suggests that the principal hosts of this trematode will ultimately prove to 
be local resident bottom dwelling fishes such as pleuronectids, cottids, etc., 
and that salmon are infected occasionally as a result of their short period of 
feeding in inshore waters. 
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EVIDENCE OF ORIENTATION 
AND HOMING IN SNOWSHOE HARES! 


By L. B. KEITH AND J. D. WARING 


Abstract 


A total of 54 marked snowshoe hares (Lepus americanus) was released in 
a study conducted from May, 1951, to March, 1956, near Anzac, Alberta. 
These animals were collected within a 10-mile radius of the Waring cabin at 
Anzac, and following eartagging all were released at this site. As a result, 
some hares were liberated several miles from their home range, while others 
were freed on familiar ground. Twelve of the 54 tagged hares were subsequently 
retaken in snares set by local inhabitants. Data gathered from these recoveries 
indicate that after release, hares were able to orient their movements toward the 
home range on which they were first captured. The three hares failing to do 
so came originally from areas separated from the release point by sections of a 
large lake, and thus were denied a direct route of return. 


Introduction 


Studies in the life history of the snowshoe hare and cyclic species of game 
birds have for the past 11 years been carried out in Alberta under the general 
direction of Professor William Rowan of the University of Alberta and financed 
in part by the Provincial Research Council, including J. D. Waring’s field 
operations of which this report constitutes one item. Thanks to the fact 
that it proved possible to tag a certain number of uninjured snowshoe hares 
(Lepus americanus Erxleben) over a period of five years, a seeming ability 
to ‘‘home”’ has come to light. Despite the limited number of records, the 
item is of sufficient interest to justify publication. On account of the paucity 
of authenticated examples of similar behavior, this note is submitted as a 
field report with no attempt to provide a bibliography. A series of papers 
on other aspects of the investigations is now in preparation, the first of which 
have already gone to press. A complete review of the relevant literature will 
be included in later contributions. 

The material herewith presented was obtained by the junior author at 
Anzac, Alberta, approximately 300 miles north of Edmonton. The country 
is uncultivated wilderness and characterized by gently rolling to hilly terrain. 
Low wet areas are densely wooded with willows (Salix spp.) and black spruce 
(Picea mariana), while upland vegetation consists primarily of mixed stands 
of aspen poplar (Populus tremuloides), balsam poplar (Populus balsamifera), 
and white spruce (Picea glauca). 

In 1951, a tagging program was initiated which resulted in the capture, 
marking, and subsequent release of 54 hares during the period May, 1951, 
to March, 1956. Hares were obtained from local Indians, who received from 
50 cents to one dollar per animal. Snares of abnormally large diameter were 
utilized to secure hares alive. Such snares avoided the usual strangulation, 
permitting the head and forelimbs to pass through and catching the animal by 


1Manuscript received September 28, 1956. 
Contribution from the Department of Zoology, University of Alberta, Edmonton, Alberta. 
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the hindquarters. Hares were quickly freed, placed in burlap sacks, and 
brought to the cabin of the junior author. Here, they were eartagged and 
immediately released. 

To increase the likelihood of acquiring recapture data, a reward of one dollar 
was given to anyone returning tagged hares, dead or alive, to Waring. 
A fairly good coverage of the surrounding country was possible as the natives 
in this region are largely dependent on snowshoe hares for meat for themselves 
and their dogs. 

The distances from which hares were brought ranged from 40 yd. to 10 mi. 
The essential factor to keep in mind, however, is that all were released at 
Waring’s cabin. This site is hereafter referred to as the release point. 


Results and Conclusions 


Of the 54 hares tagged and released during the investigation, 12 were 
ultimately recovered. Table I summarizes the information on recaptured 
hares. From these data it will be seen that: 

(1) Eight of the nine hares originally caught one-half mile or more from 
the release point were subsequently retaken at an equal or greater 
distance. 

(2) The three hares initially caught within 200 yd. of the release point 
were later recaptured within the same area. 

(3) Six of the eight hares resnared one-half mile or more from the release 
point had travelled in the direction from which they were first captured. 
Of these, two were retaken at approximately their original locations, 
while another was only one-quarter mile away. 

Fig. 1 shows the site of the release point (cabin) in relation to Lac Gregoire. 
It is clear from this map that hares can move only a short distance to the 
west or south before encountering the lake, but have an unobstructed passage 
to the north or east. Returning to Table I, it will be noted that following 
their release, the three hares which failed to head in the direction from which 
they were brought came from points to the north-northwest, west, and south. 


TABLE I 


RECOVERY DATA FROM TAGGED SNOWSHOE HARES 








Date tagged Date of Site of first Release Site of Days 
Sex and released recapture capture point recapture interval 
Female June 4/51 June 30/51 4 mile E. Cabin mile E. 26 
Female Jan. 28/52 Mar, 21/52 2 mile N. Cabin mile N. 53 
Female Jan. 8/56 Feb. 4/56 mile E. Cabin 1 mile E. 27 
Female May 24/51 June 24/51 $4 mile N. Cabin 134 miles N. 31 
Male May 25/51 May 28/51 4 mile E. Cabin 3 miles E. 3 
Male June 3/51 July 6/51 10 miles E. Cabin j mile E, 33 
Female June 19/52 June 29/52 1 mile S. Cabin mile E. 10 
Male Dec. 21/55 Jan. 10/56 4 mile N.N.W. Cabin 1 mile E, 20 
Male Aug. 4/51 Aug. 13/51 4 miles W. Cabin 40 yd. S. 9 
Female Dec. 10/51 Dec, 12/51 200 yd. E. Cabin 200 yd. E. 2 
Female Dec. 12/51 Jan. 8/52 40 yd.S. Cabin 40 yd. S. 27 
Unknown* Aug. 12/51 Sept. 23/51 100 yd. N. Cabin 50 yd. E. 42 


*The only juvenile hare recovered. 
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Fic. 1. Sketch map of the Anzac district. 


With direct homeward travel thus barred, these hares had either to change 
the course of their movements or to remain in the vicinity of the release point. 
Two chose the former alternative and one the latter. 

It will be noted also in Table I that one hare covered a distance of three 
miles in three days, certainly a remarkable feat in a species generally 
considered to be sedentary. 

These data strongly suggest, then, that snowshoe hares can successfully 
orient themselves toward a particular home range, even when transported 
several miles from it. 

Although not directly involving the subject of this note (homing), a 
concluding paragraph seems desirable to explain the curious distribution of 
dates shown in Table I. The tagging program was instigated by Dr. Rowan 
in 1951 and carried out by one of us (Waring). It will be noticed that our 
returns are confined to 1951; 1952; December, 1955; and 1956. Three 
more hares have been tagged since this paper was written but without 
producing further recoveries. For the intervening period—July—December, 
1952; the whole of 1953 and 1954; and January-November, 1955—there is 
acomplete hiatus. This must not be interpreted as a cessation of the program, 
which has never been interrupted as far as effort is concerned, but marks the 
10-year crash of the rabbit population; the gap is solely due to the virtual 
non-existence of hares through this period. 

As an incidental commentary on the series of papers of which this 
constitutes one, the above point is worth emphasis, for nothing could better 
illustrate the nature of the cycle than this regularly recurring die off of hares. 
The 1956 returns mark the first stage of recovery of the population, which 
may be expected again to attain the usual peak numbers of anything up to 
6000 or more to the square mile within the next four or five years. 
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GYRODACTYLUS BULLATARUDIS N. SP. 
FROM LEBISTES RETICULATUS PETERS WITH A 
STUDY OF ITS LIFE CYCLE! 


By ELEANOR RAE TURNBULL? 


Abstract 


Gyrodactylus bullatarudis n. sp. is described from the guppy (Lebistes reticulatus 
Peters). It can be separated from Gyrodactylus stephanus Mueller, 1937 and 
Gyrodactylus stegurus Mueller, 1937, which it resembles most closely, on the 
basis of two swellings which are present on the dorsal bar. Experiments showed 
that G. bullatarudis completes its life cycle, on the guppy, from egg to egg- 
producing adult in about 60 hr. at 25°-27°C. Development of an individual 
from an egg to birth takes about 42 hr., whereas development of the embryo in 
the new-born individual is completed in 18 hr. or less. 


Introduction 


The genus Gyrodactylus Nordmann, 1832 (6) contains about 40 species 
which occur on the skin, fins, and gills of fresh-water and marine fish of many 
families. No life cycle of Gyrodactylus has been followed experimentally. 
Early papers on the life history, including the comprehensive study of 
Katheriner (4), dealt with the early embryology, and were based mainly on 
studies of fixed material. 

The present study gives a description of Gyrodactylus bullatarudis n. sp. from 
guppies (Lebistes reticulatus) in an aquarium, and includes data on the rate of 
development of the embryo and the time required to complete the life cycle. 


Materials and Methods 


The parasite was maintained on guppies which were kept at room 
temperatures (60°-95° F., av. 70° F.) in two to three inches of aerated water in 
containers six inches in diameter. Seven fish were kept in each container. 
The water was changed daily,-the jars were cleaned, and dead fish were 
replaced by living ones. To prevent the introduction of external parasites, 
including other forms of Gyrodactylus, these fish were treated one day before 
use with a solution of one part formalin in 4000 parts water for one hour. 

The morphology of the parasite was studied in live and in fixed and stained 
preparations. The most satisfactory fixatives were hot 10% formalin and 
hot alcohol-formol-acetic (Lavdowsky’s mixture). The worms were stained 
with one of the following: Mayer’s haemalum, Mayer’s carmalum, aceto- 
carmine, Semichon’s acetocarmine, or Delafield’s haematoxylin. Drawings 
and measurements of hard parts were made from living animals placed in 
methyl cellulose. Measurements of soft parts of the body were made from 
animals fixed in 10% formalin at 70°C. Most of the drawings were made 
with the aid of a camera lucida. 

1Manuscript received in original form A pril 13, 1956, and, as revised, July 30, 1956. 

Contribution from the Department of Parasitology, Ontario Research Foundation and the 


University of Toronto, Toronto, Ontario. 
2Present address: May and Baker Lid., Dagenham, Essex, England. 
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To study the development of G. bullatarudis it was essential to begin 
experiments with flukes containing embryos that were at a known stage of 
development; new-born flukes and flukes which had just shed an embryo 
were used. These were obtained in the following way: parasites in which 
the embryo was large and apparently soon to be born were removed from fish 
which had just been killed. These flukes were examined at least every 45 min. 
to see which had reproduced. Those that had were put aside and individually 
transferred each to a clean guppy as soon as possible, never longer than 45 min. 
after being put aside. Flukes used in the experiments were never away from 
a live fish for more than three and three-quarter hours and usually they were 
away two hours or less. The fish were one, two, and sometimes up to seven 
days old when used. Small fish could be handled more easily and at the end 
of the experiment the flukes could be detected more readily on them than on 
larger fish. A guppy which was to be infected was put in a small amount of 
water in an embryological watchglass, and then a fluke was added. The 
parasite was observed with a dissecting microscope, and if it did not attach 
to the fish quickly, water was removed until the fish rested slightly on its side. 
The fish and fluke were manipulated until in contact. After the fluke had 
attached, the fish was transferred to a crystallizing dish (diam. 70 mm.) 
one-third full of water, and kept in an incubator at 25°-27° C. for 6-48 hr. 
It was necessary to kill the host in order to recover the parasites. The flukes 
were studied alive, or fixed in formalin. In some instances flukes fixed under 
pressure in alcohol-formol—acetic gave excellent definition of embryos. 


Description of Gyrodactylus bullatarudis n. sp. 
(Figs. 1-11) 


Host: Guppy (ZL. reticulatus Peters). 

Location: Body surface, mainly head and fins. 

Specimens: United States National Museum Helminthological Collection 
No. 38154. 

The following measurements are from the holotype fixed in hot alcohol- 
formol—acetic. Anchor shaft and root 51 yw. Dorsal bar: length 22 yw, and 
width at middle 1 yw; swellings 4.2 uw in width. Ventral bar 23 X 5.6 y; 
anterior projection 9 uw in length. Shaft of marginal hook 20 w and hook 
5.6 uw. Body length 405 uw, width at widest part 68 uw; width at pharynx 
50 uw; haptor diameter 66 uw. Posterior pharynx bulb, width 28 w and length 
22 w; anterior bulb, width 30 uw and length 22 w. Diameter cirrus 12 p. 

The following measurements are from 20 paratypes. The average is given 
first, followed by the range in brackets. Measurements of the haptor elements 
are straight-line measurements of the greatest distance. Length of anchor 
shaft and root 52 (48-54) w; length of point 24 (23-25) wu. Maximum width 
of anchors 9 (8-10) uw. Root has tapering sides and rounded end. Dorsal 
bar length 23 (20-25) uw; width at middle 1.0 (1.0-1.5) uw. Dorsal bar, 
characteristically thickened on either side of mid-line, forms two posteriorly 
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Fics. 1-5. Drawings of Gyrodactylus bullatarudis n. sp. from four paratypes (fresh), 
made to the same scale with the aid of a camera lucida. Fics. 1-4. Anchors and bars. 
Fic. 1. Ventral view. Fic. 2. Ventral view, anchors flat. Fic. 3. Lateral view (details 
of shield and connecting bars not shown). Fic. 4. Ventrolateral view (details of ventral 
bar and shield not shown). Fic. 5. Marginal hooks. 
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Fics. 6 and 7. Drawings, made with the aid of a camera lucida, of the holotype 
Gyrodactylus bullatarudis n. sp., fixed in hot alcohol-formol—acetic and stained with 
acetocarmine. Fic. 6. Ventral view of entire animal to show internal structure. Fic. 7. 
Dorsal view of entire animal to show internal structure. ap—anterior region of pharynx; 
as—anterior spine; br—‘‘brain’’; c—cirrus; ca—gut caecum; d—duct ?; e—embryo; 
eo—egg in odtype; ev—excretory vesicle; g—glandular region ?; gc—gland cell ?; ho— 
head organ; m—mouth; n—nucleus; o—ovary; pg—prostate gland ?; pp—posterior 
region of pharynx; sv—seminal vesicle; t—testis; u—uterus; vg—vitelline gland. 
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Fics. 8-11. Drawings from paratypes of Gyrodactylus bullatarudis n. sp. The scale 
100 uw refers to Fic. 9 only. Fic. 8. Diagrammatic lateral view of anterior region to 
show pharynx extruded, specimen fixed in hot 10% formalin. Fic. 9. Lateral view of 
anterior region of specimen fixed in hot 10% formalin and stained with Mayer’s haemalum; 
drawn with aid of camera lucida. Fic. 10. Ventral view of cirtus, sketched from fresh 
material. Fic. 11. Anterior view of hooks and spine of cirrus sketched from fresh material. 
as—anterior spine; ap—anterior region of pharynx; br—‘“brain’’; c—cirrus; co— 
external opening of cirrus ?; f—muscle fibre ?; ho—head organ; pp—posterior region of 
pharynx; s—sac. 


directed, rounded swellings 4 (3,4-5) uw in width. The bar is attenuated at 
ends. Ventral bar 23 (22-25) uw X 5 (5-7) u, sides parallel, ventral surface 
grooved longitudinally. Anterior projection of ventral bar 15 (14-17) uw in 
length (measured to posterior margin of ventral bar), 5 (4-6) uw in width at 
widest part, end bluntly rounded. Shield of ventral bar distinct, 14 uw in 
length, with longitudinal striations. | Measurements of marginal hooks as 
follows: hook 5 (5-6) uw; shaft 20 (19-21) uw; accessory piece 10 (9-11) pw. 
Body length (including haptor), 368 (301-443) uw, width at widest part 74 
(53-97) u. Diameter of haptor 70 uw. Pharynx composed of two parts, (i) 
posterior bulb 22 (19-24) uw in length and 29 (28-32) w in width and (ii) 
anterior part also in form of a bulb 23 (20-25) uw in length and 29 (27-32) uw 
in width (from ventral surface). Internal structure of head lobes and ducts 
which lead to them are ill-defined. Small rod-shaped bodies found lying 
flat on surface of body. Cirrus pouch round, diameter 12 (11-16) yw, lying 
near mid-line either on left or right side. Cirrus with four to seven small 
hooks of average length 2 uw (10 specimens) and one large spine of average 
length 4 uw (eight specimens). Two vesicles within cirrus. Large excretory 
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' vesicle on either side of pharynx. A group of distinct, large cells lies posterior 
to reproductive organs. Other organs and features are shown in Figs. 6-11. 

At least 33 species of Gyrodactylus are known. Bychowsky and Polyansky 
(1) stated in 1953 that there are over 40 species, but they did not list them. 
Deckert (2) reported Gyrodactylus on the guppy, but it is clear from his brief 
description that it was not G. bullatarudis. G. bullatarudis can be separated 
from most species by the long anterior projections on the ventral bar. It 
most closely resembles G. stephanus Mueller, 1937 (5) and G. stegurus Mueller, 
1937 (5) particularly the former. G. bullatarudis can be distinguished from 
these by the two swellings which are present on the dorsal bar and from which 
it derives its name. There are also small but distinct size differences. 

The most important criterion for distinguishing species of Gyrodactylus 
is the shape of the anchors and bars on the haptor. Most species have been 
described on the basis of these elements alone, frequently without regard to 
the position in which they are found. The outline of the anchors changes 
as the angle at which they are viewed changes and it is therefore essential 
that they be drawn in a standard position. The best position is with the 
hooks lying flat on the same plane as the slide (e.g. Fig. 2). Other features, 
e.g. cirrus, excretory bladder, and, as Katheriner (3) noted, pharynx may be 
useful in separating species and should be noted in a specific description. 


The Development of Gyrodactylus bullatarudis n. sp. 


G. bullatirudis is viviparous as are other members of the family Gyrod- 
actylidae. Apparently the egg is fertilized before development begins (4). 
Fertilization was not observed in the present study although sperms were 
observed in the uterus, near the egg, on two occasions. The egg of 
G. bullatarudis develops into an embryo and within this, at an early stage, 
another embryo begins to develop. Inside the latter a third embryo develops 
in the same way, and so on. When the first embryo is ready to be born it 
lies folded in the form of anc in the uterus (Fig. 19). In its uterus is the 
second embryo in which the haptor elements have begun to develop and 
within this embryo the third embryo is present as a round ball of cells. The 
cells of the latter are larger than those of the second embryo, which are larger 
than those of the first. The outlines of the embryos are more clearly seen in 
fixed material. 

In G. bullatarudis the offspring at birth is the same size as the parent. In 
10 specimens the average length of the new-born individuals was 353 w and 


Fics. 12-19. Drawings of Gyrodactylus bullatarudis n. sp. made to the same scale with 
the aid of a camera lucida from material fixed in 10% formalin at 70° C. Fic. 12. Parasite 
which has just shed an embryo (0 hz.) to show egg which has moved up into the uterus. 
Fic. 13. As above, six hours after having been transferred to a guppy. Fic. 14. As 
Fig. 12, 12 hr. after having been transferred toa guppy. Fic. 15. As Fig. 12, 18 hr. after 
having been transferred toa guppy. Fic. 16. New-born individual. Fics. 17, 18, and 19. 
As Fig. 16, six, 12, and 18 hr., respectively, after having been transferred to a guppy. 
an—developing anchors; e'—first embryo; e*—second embryo; e*—third embryo; 
ee—egg below second embryo; eo—egg in odtype; mh—developing marginal hooks; 
p—pharynx; pa—parent; pc—cavity of pharynx; u—uterus; z—zygote. 
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width 48 yw; the anchors were 50 yu in length (shaft plus root) and the posterior 
pharynx bulb was 26 uw in width. The excretory vesicles are prominent. A 
cirrus was not found in 40 specimens examined. The testis is small, compris- 
ing only six to eight tightly packed cells; no spaces or free sperms are present 
and the surface is not striated as in the mature testis. A large egg lies below 
the first embryo in the odtype. 

The embryos in the new-born individual were studied at zero hours and 
after the parent had been on the fish six, 12, and 18 hr. The results (Table I) 
show that the cycle, from birth of an embryo until birth of the embryo within 
it, is completed in 18 hr. or less at 25°-27°C. Immediately after an embryo 
has been born an egg moves up from the odtype into the uterus to take its 
place. The individuals which had just shed their embryos measured 
338 X 48 w (10 specimens). A cirrus was not seen in 17 of 26 flukes examined. 
In those in which the testis was small no cirrus was detected. In most the 
testis islarge. It has a striated wall and large spaces among the cells. Free 
sperm could be seen in the spaces among the cells. To study the development 
of the embryo from an egg, adults which had just shed an embryo were 
transferred to fish and recovered after six-hour intervals on the fish. The 
results are given in Table II. These show that development of the egg 
in utero, until birth of the individual arising from it, takes about 36-42 hr. 
at 25°-27° C. 


Discussion 


The life cycle of G. bullatarudis from egg to mature egg-producing individual 
is completed in about 54-60 hr. at 25°-27° C. Development of an individual 
from an egg to birth takes about 36-42 hr. and development to birth of the 
first embryo in the new-born individual is completed in 18 hr. or less. Observa- 
tions by the author (unpublished) on G. elegans Nordmann, 1832* indicate an 
even more rapid development. This life cycle is completed more quickly 
than any so far recorded in the Monogenea, although only a few life histories 
in the order have been studied experimentally. Gyrodactylus is viviparous 
and produces fewer eggs than most other Monogenea. 

The development of successive embryos, one inside the other, in Gyrodactylus 
is probably a type of polyembryony as Katheriner (4) has reported. In 
G. bullatarudis there are never more than three embryos present in one 
individual at one time. It has been shown, using new-born individuals, that 
each embryo is at a stage of development which is about 18 hr. more advanced 
than the one which it contains. Therefore, in the development from an egg, 
the second embryo will begin to develop after the parent has been on the fish 
approximately 18 hr., and the third embryo after about 36 hr. The second 
embryo in the new-born individual will be born 18 hr. (or slightly less) after 
the first, i.e., after about 36 hr. on the fish. This embryo is a round ball of 
cells (Fig. 16), roughly comparable with the embryo arising from an egg after 


*The parasite was obtained from goldfish (Carassius autatus L.) and identified as G. elegans 
Nordmann, as redescribed by Wagener (7) in 1860. 
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the parent has been on the fish about six hours (the third embryo will not 
begin to develop until about 12 hr. later). Therefore the development from 
inception to birth of the embryo developing within another embryo takes 
about 42 hr., which is the same time as that required for the development of 
an individual from an egg. 

The results obtained for the development of the embryo in the new-born 
fluke supplement those obtained on the development of the embryo arising 
from an uncleaved egg after it has reached the stage of development roughly 
comparable with the embryo in the new-born individual. They confirm the 
direct observations that development from egg to birth usually takes 36-42 hr. 
and show that in some individuals it may take longer. 

There are several possible explanations for the failure to recover at the end 
of the experiments more than 80% of the new-born parasites and 56% of the 
individuals that had just shed an embryo: (i) damage in removing and 
transferring to other fish, (ii) development of a local immunity, (iii) removal 
from source of food before transfer, (iv) dropping off host accidentally or 
otherwise, (v) death, due to old age, of adults that have just shed an embryo, 
(vi) prevention of fertilization and consequent development of egg by isolation 
from sexually mature flukes. The last reason may account for the recovery 
of many apparently healthy flukes in which the egg did not move up into 
the uterus even after several hours on the fish. 

It has been shown that when the embryo is born it lacks a cirrus, and the 
testis is small, but there is an egg in the position of the odtype. G. bullatarudis 
is evidently protogynous. 
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ALARIA CANADENSIS SP. NOV. AND 
EURYHELMIS PYRIFORMIS SP. NOV. FROM THE SKUNK 
MEPHITIS MEPHITIS IN QUEBEC! 


By GLoriA A. WEBSTER? AND R. W. WOLFGANG?® 


Abstract 


Two new species of trematodes, Alaria canadensis and Euryhelmis pyriformis, 
are described from the skunk Mephitis mephitis Schreber, in the Province of 
Quebec. 


Five skunks, Mephitis mephitis Schreber, trapped in January, 1955, in 
Ste. Anne de Bellevue, Province of Quebec, yielded cestodes, nematodes, and 
trematodes, some of which have not previously been reported from skunks 
in Canada. 

Choquette (5) examined 26 skunks in Quebec, 24 of which contained 
helminths. These were represented by two genera of cestodes and three 
genera of nematodes. Trematodes, although not previously reported from 
the skunk in Canada, have been recorded from this host in other areas. Alaria 
taxideae Swanson and Erickson (13) and Fibricola cratera (Barker and Noll, 
1915) Dubois, 1938 (7) have been reported from the striped skunk, Mephitis 
mephitis Schreber, and the spotted skunk, Mephitis nigra Peale and Beauvois. 
Alaria minnesotae Chandler (3) has also been recorded from the striped skunk. 

Helminths included in the present collection are: Ascaris columnaris Leidy, 
1856, Placoconus lotoris (Schwartz, 1925), Physaloptera larvae (probably 
Physaloptera maxillaris Molin, 1860), and young Mesocestoides latus Mueller, 
1928. All of these were reported by Choquette (5). In addition, there are 
four species of trematodes: F. cratera (Barker and Noll, 1915) Dubois, 1938, 
Apophallus sp., and species of Alaria and Euryhelmis which appear to be 
new to science. 

The trematode assigned to the genus Apophallus is represented by a single 
specimen. It appears to be Apophallus venustus Ransom, 1920, which is 
common in the neighborhood, since the vitellaria extend anterior to the 
gonotyle. However, the specimen was contracted and no accurate 
determination of the species was possible. 


Alaria canadensis sp. nov. 


The description of A. canadensis is based on 14 mature specimens, most of 
which were gravid. The adults are small (1.3 to 2.1 mm., average 1.8 mm.) 
and have a body shape typical for the genus. The forebody is leaf-shaped 
with the lateral borders folding ventrally; it is slightly larger (0.875 to 1.14 

1Manuscript received September 24, 1956. 
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mm. by 0.59 to 1.2 mm.) than the cylindrical hindbody (0.805 to 0.995 by 
0.44 to 0.84 mm.), which in living specimens has a tendency to turn dorsad. 
The fore- and hind-bodies are not distinctly separated by a constriction at 
their junction. The cuticle is aspinous. The oral sucker is flanked on either 
side by tentacular appendages which were everted in living specimens but 
invaginated in all cases after fixation, giving the impression of lateral sucking 
cups. As a result, the anterior portion of the forebody has a trilobed 
appearance (Fig. 1). 

The oral sucker is large (95 to 120 w, average 107 uw, by 88 to 108 pw, average 
97 w) and is equal to, or larger than, the square muscular pharynx (88 to 
120 w, average 107 uw, by 80 to 108 w, average 92 uw), and larger than the 
acetabulum (60 to 76 uw by 72 to 78 w). The acetabulum is slightly broader 
than long, situated more than its own width behind the pharynx, and usually 
contained within the holdfast organ. The holdfast is well developed and 
variable in size and shape (435 to 789 uw by 350 to 577 uw); a deep cleft is 
characteristic (Fig. 1). The vitellaria extend from the region of the acetabulum 
to the level of the anterior testis and are concentrated in the holdfast organ. 
Their distribution pattern resembles the letter ‘‘W’’. The prepharynx is 
short and an oesophagus is lacking; the caecae are covered by the holdfast 
and terminate at the level of the posterior testis. 

The ovary is kidney-shaped (105 to 180 uw by 180 to 270 yw) and is situated 
in the middle of the body, immediately anterior to the testes. The anterior 
testis is horseshoe-shaped (225 to 390 w by 315 to 525 uw) with both right and 
left lobes of nearly equal size. The posterior testis is trilobed and occupies 
nearly the entire width of the hindbody (270 to 405 uw by 405 to 705 uw). The 
Mehlis gland lies to the left of the testes. The vitelline reservoir is located at 
the level of the Mehlis gland. The seminal vesicle is of variable form, lying 
immediately posterior to the second testis and often obscured by it. The 
descending branch of the uterus is coiled; the ascending branch seems less 
coiled and enters the holdfast organ. Eggs in the uterus usually number 
about five or six but as many as 12 were found. They are elliptical, opercu- 
lated, and of average size (100 to 116 uw by 52 to 72 yu). The copulatory 
bursa opens on the dorsal surface and is situated 80 to 120 uw from the posterior 
end of the worm. 

Host: M. mephitis Schreber. 


Location: Small intestine. 
Locality: Ste. Anne de Bellevue, Province of Quebec. 


Discussion 

A. canadensis is characterized by possessing a pharynx that is consistently 
equal or subequal in size to the oral sucker. 

In comparing A. canadensis with the other Alaria species we found that it is 
closely related to A. taxideae Swanson and Erickson, 1946, Alaria mustelae 
Bosma, 1934, A. minnesotae Chandler, 1954, and Alaria freundi Sprehn, 1932. 
It was on the basis of the large size of the pharynx that Swanson and Erickson 
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(13) described A. taxideae as a new species, and from their average figures we 
have determined that the pharynx is 1.8 times larger than the oral sucker 
(Fig. 2). From Bosma’s (1) data on A. mustelae we find that the pharynx is 
1.3 times larger than the oral sucker. A. minnesotae likewise has a pharynx 
that is larger than the oral and ventral suckers, and is further distinguished by 
the fact that this organ is pear-shaped (Fig. 3). 
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Fic. 1. Alaria canadensis. Fic. 2. Pharynx of Alaria taxideae. Fic. 3. Pharynx of 
Alaria minnesotae. Fic. 4. Pharynx of A. canadensis. Fic. 5. Euryhelmis pyriformis. 
Fic. 6. Egg of E. pyriformis. Fic. 7. Region of gonotyle E. pyriformis. 
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The size relationships in this group of Alaria species overlap in nearly 
every character. Slight differences do occur, however, and these are shown in 
Table I. Measurements of fore- and hind-body and total length are helpful 
but do not necessarily serve as diagnostic characters. Information derived 
from the measurements of suckers, pharynx, holdfast organ, and eggs are of 
more importance. 

The posterior testis is trilobed. This distinguishes A. canadensis from 
A. minnesotae, A. freundi, and A. mustelae but establishes a closer relationship 
with A. taxideae, which also has a trilobed, horseshoe-shaped posterior testis. 
The anterior testis of these species differs in that in A. canadensis it is 
definitely bilobed, whereas in A. taxideae the right portion of the testis is 
more definitely lobed than the left. 

The genus Alaria is primarily divided into species occurring in two host 
groups, those which are parasitic in canines and those in mustelids. The 
so-called “‘eared’’ forms occur most frequently in canine species, and according 
to Dubois (7) the first key character to the genus is the presence, or absence, 
of tentacular appendages in combination with the host group: 


“1. Présence d’auricules (ou tentacules saillants, alif.) de chaque 


cété de la vent. bucc. Essentielmt. parasites de Canidés. 2 
Absence d’auricules. Essentielmt. parasites de Mustélidés 
aussi de Procyonidés. 6” 


The usefulness of presence or absence of tentacular appendages as a key 
character is questionable. As previously noted, A. canadensis has ear-like 
processes while living, but after fixation these were invaginated in all specimens 
to form sucking cups. <A. mustelae, A. taxideae, and A. minnesotae are also 
described as having tentacles which may be inverted to form sucking cups or 
everted as appendages. 

During the course of this investigation it has become obvious that the 
characteristics of each species greatly overlap those of others, and it is often 
difficult to determine where the dividing line is drawn between the different 
species. Similar problems have been encountered within other groups of 
strigeids. Chandler (2) and Chandler and Rausch (4) experienced difficulties 
working with Fibricola texensis. The morphological characters warranted 
placing this worm in the genus Fibricola, but on the basis of extent of vitellaria, 
an extremely variable character, they would have had to place it in the genus 
Neodiplostomum had they followed Dubois’s (7, 8) key. Extent of vitellaria 
should not be used as the sole criterion for specific or generic determination, 
because slight variations in distribution occur even within the same species. 
One good character may be enough to establish a new species, but a complex 
of characters is desirable. 


Euryhelmis pyriformis sp. nov. 


This description is based on a single specimen stained with Mayer’s 
paracarmine and mounted in balsam. 





R 
; 








$8 -7S (s9 ) 1 78 -09 “WUT 680°0-Z90'0 


ZL SL -ZL 
1 911-001 (FIT) 1 ¢$1-901 “WI FET 'O-680°0  1Z 


1-86 nt 971-811 83344 


1 0ZI-08 aa = _ 1 OFI-08 esinq A103e[nNdo> 


8°0 9°0 600° T 6°0 8°0 Jayons [es0/sJayONS pesusA 


Tenby st st st _ Jeyons je10/xuAseyg 


1 LLS-OSE (1$*0) “Wut $8 "0-67" (11Z"0) ‘wut FE"O-9TT‘O 1 SZZ-OFT 1 O1€-8bZ 
1 68L-SEF (99°) "wut 16°0-8¢" (6L€°0) ‘wut gs'O- $z'0 11 OFS-SbZ 1 99-08% URBIO ISLIPIOH 


nl 88 -ZL (08 ) 1 $1I-LS “WU 680°0-£S0°0 1 09 -IF 1 S6 
1 94 -09 (48 ) 1 901-S9 — 1 6% -9€ _ Jayons TesyUIA 


1 301-08 ($*L¥1) 1 061-S6 (820°0) "Wu OTT"0-790°0 1 801-0S 1 111-08 
1 071-88 (Z21) nf OF7-ZZ1 (901°O) “wut SZ71°0-120°0 nf OZI-LL nt SSI-8IT 


a 
n 
Zz 
Q 
QA 
< 
Zz 
< 
Oo 
a 
~ 
< 
4 
< 


xuAseyd 


1! 301-88 (8° €Z1) n ZSI-8L (Z80°0) ‘wut 201°0-Z90'0 nso-se . nf $1I-SOl 
1 0ZI-96 (9° S11) Wf 8LI-8L (Z80°0) “Wut OT T*0-Z90°0 nso -1¢ — JBIONS TLIO 
‘Wu $8°O- FPO (ZL°O) “Wut 26°0-Sb°0 (FE"O) “WU gBF'O- 97°0 “WU Z¢°0-67°0 “WU 89°0-9F'O 
“WU $66°0-S08"0 (78°) ‘wut 2¢°1-9b'°0 (8h°0) “Wu ZZ°O- $Z'0 “WU $9°O-8E°0 “WU $/°O-8h'O Apoqpuryy 
‘uur §=6Z"T- 6S°0 (06°) ‘wu 1Z7*I-z9"°0 a “UW OF °O-O0£°O ‘Wu $2°O- 9°0 
‘wu $I" I-SZ8°0 (¥0° 1) “Wut OF I-49°0 ‘mur =«TT- $60 “wu SO" I-70 “WU SZ"T- 6°0 Apoqaio.y 


“uM =6T*t— «(ST (78° T) “wut {7° Z-O1'T “wur PL" z8"0 “Wut 04° T-Z6'°0 “wu 6° I-Sh'T qIua] [eo] 


sisuappun? *y avapixD} "WY apjajsnu *y tpunasf*y Djosauurm *y 





WEBSTER AND WOLFGANG: 


DUD] Pf AO SAIDAdS AAIA AO SLNAWAYNSVAW AAILVAVdWOD AO ATAV] 


I HTaVL 





600 CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 


This is a medium sized worm (2.25 mm. long) with a typical heterophyid 
shape. The maximum width (0.57 mm.) is at the level of the acetabulum. 
There are minute body spines which are numerous anteriorly, becoming absent 
in the posterior end of the worm. 

The oral sucker (0.10 mm. in diameter) is weakly muscular and terminal, 
and is contiguous with the pharynx (0.05 by 0.07 mm.), which is wider than 
long. The oesophagus (0.60 mm. long) branches at 0.25 mm. from the 
acetabulum into two caeca which terminate a short distance behind the 
testis. The acetabulum (0.09 mm. transverse diameter) is smaller than the 
oral sucker, and is depressed within a large papilliform gonotyle (0.23 mm. 
transverse diameter). The gonotyle appears to surround the sucker (Fig. 5), 
and folds over the genital pore immediately anterior to the acetabulum (Fig. 7). 

The single testis is large, and lies near the left caecum in the posterior end 
of the worm (Fig. 5). It is covered with vitelline follicles ventrally, at its 
anterior end. The seminal vesicle is club-shaped, bends medially beneath 
the left edge of the gonotyle, and terminates, in common with the short 
ejaculatory duct, at the genital pore. The ovary is triangular and lies lateral 
and slightly posterior to the seminal vesicle. It is broad at the posterior end 
and becomes narrow at the anterior end; along the left side it follows the 
contour of the caeca. There is a large (0.15 mm. transverse diameter) 
seminal receptacle, which is contiguous with, and posterior to, the ovary. 
It opens in common with the oviduct and common yolk duct into the odtype. 
There is no distinct Mehlis’ gland, and Laurer’s canal was not observed. The 
uterus consists of three compact and transverse folds, and lies across the 
body of the worm, posterior to the acetabulum. The majority of the eggs 
were distorted as a result of fixing, but a few in the most posterior loops were 
of the typical heterophyid shape (Fig. 6). They measure 28 to 34 uw long by 
18 to 23 uw wide and have a distinct operculum. 

The vitelline glands are of two types: dendritic anterior to the acetabulum 
and follicular in the posterior part of the worm. They are confined to the 
caeca and extend from the end of the oesophagus to the posterior end of the 
worm (Fig. 5). 

The excretory bladder is ‘‘Y’’-shaped and terminates in a papilliform 
salience. 


Host: M. mephitis. 
Location: Intestine. 
Locality: Ste. Anne de Bellevue, Province of Quebec. 


Discussion 

Three species of Euryhelmis occur in mustelids and rodents. All have life 
cycles utilizing amphibia as second intermediate hosts: Euryhelmis squamula 
(Rud., 1819); Euryhelmis monorchis Ameel, 1938; Euryhelmis pacificus Senger 
and Macy, 1952 (12). 

E. pyriformis resembles E. pacificus more closely than the other species. 
It differs from E. monorchis and E. squamula in having a very different body 
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shape and a differently shaped gonotyle, although it is similar to E. monorchis 
in possessing a single testis. It differs from E. pacificus in being larger, having 
a differently shaped gonotyle, different anterior vitellaria, and in possessing a 
single testis. The position of the genital pore in both species is similar. 

The character of the single testis is apparently characteristic and immutable 
in E. monorchis. Since E. pyriformis is based on a single specimen, the 
variability of this structure in this species cannot be determined. The gonotyle 
in E. pyriformis is more extensive than in other species of the genus, and in 
both E. pyriformis and E. pacificus is similar to those of species of A pophallus, 
as figured by Lyster (9). 

Morozov (10) has placed the genus Euryhelmis Poche, 1925 in the subfamily 
Euryhelminae Morozov, 1952. He uses the following criteria to separate his 
subfamily from the Apophallinae Ciurea, 1933 (6): a single gonotyle, located 
in front of the acetabulum and vitellaria, occupying all the lateral space from 
the pharynx to the posterior end, body wider than long, and uterus typically 
three-looped. Species of this genus have their metacercariae in amphibians. 
Morozov’s designation of the Euryhelminae was based on two species, 
E. squamula and E. monorchis, which are radically different in body form from 
E. pacificus and E. pyriformis. The present authors are in agreement with 
Price (11), Ciurea (6), and Senger and Macy (12) that the genus shows 
remarkable affinities with Apophallinae, and belongs in that subfamily. The 
characteristics of body form and gonotyle structure indicated by Morozov (10) 
are no longer applicable. 
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ETUDE BIOCHIMIQUE DE LA 
METAMORPHOSE DE TRIBOLIUM CONFUSUM DUVAL 
(COLEOPTERE: TENEBRIONIDAE) 


I. VARIATIONS DU POIDS CORPOREL, DE L’HUMIDITE, 
DE LA MATIERE SECHE ET DES CENDRES TOTALES! 


Par L. Huot, J.-L. VILLENEUVE,’ R. BERNARD ET A. LEMONDE* 


Abstract 


The variations in the total body weight, water content, dry weight, and total 
ash of Tribolium confusum during metamorphosis are reported. A drop in total 
body weight before the insect enters pupation is observed. The pupal stage 
shows a moderate but sustained decrease in body weight followed by a further 
large one at emergence. Though the water content falls during the prepupal 
stage and at the emergence, there is a moderate increase in the water content 
during the pupal stage. These changes show that the pupae utilize the reserves 
accumulated during the larval stage. Variations in both dry weight and total 
body weight are similar. A study of simple correlation of these variables is 
discussed. The elimination in the prepupal stage of a large amount of the 
inorganic constituents (ash) is noticed. During the pupal stage, total ash 
remains constant while at emergence, there is a slight fall. 


Introduction 


La métamorphose des Insectes a toujours été un des sujets les plus exploités 
par la biochimie comparée. Ce sont surtout Needham (15), Florkin (7) et 
Buck (4) qui ont colligé et discuté les principaux résultats obtenus dans ce 
domaine. Mais, parmi toutes les données acquises, nous en avons trouvé 
trés peu sur la métamorphose de Tribolium confusum. 


Nelson et Palmer (16) ont publié quelques résultats sur la teneur en matiére 
séche, en cendres totales et en phosphore inorganique au cours du développe- 
ment de ce Coléoptére. D’aprés ces auteurs, il semble que la durée de la 
pupaison soit en fonction des besoins en phosphore. Fraenkel et Blewett (9) 
ont montré que, dans une atmosphére dont I’humidité relative était de 70%, 
le poids corporel moyen de la pupe de 7. confusum est égal 4 2.65 mg., dont 
1.14 mg. (43.2%) de matiére séche et 1.51 mg. (56.8%) d’eau. 


Au cours de notre travail, nous nous sommes proposé d’étudier davantage 
la biochimie de la métamorphose de cet insecte. Nous présentons ici la 
premiére phase de nos recherches, soit une analyse détaillée des variations 
du poids corporel, de la teneur en eau, en matiére séche et en cendres totales. 
Afin de bien couvrir toute la durée de la pupaison, nous avons effectué nos 
mesures sur des larves de quinze jours, sur des prépupes, sur des pupes de 
un a six jours et enfin sur des adultes d’un et de cing jours. 

1Manuscrit regu le 17 juillet, 1956. 
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Méthodes expérimentales 


Meéthodes d’élevage 

Nos méthodes d’élevage sont partiellement inspirées de celles déja décrites 
ailleurs (5, 8). Nous n’en donnerons donc ici qu’un bref apercu. 

Dans la préparation de chaque culture, nous déposons 75 adultes dans un 
cristallisoir mesurant trois pouces de profondeur par cing pouces de diamétre 
et contenant 150 gm. de farine de blé entier (F.B.E.) préalablement passée 
au sas numéro 80 (80 mailles au pouce). Pour satisfaire aux exigences 
vitaminiques, nous ajoutons cinq pour cent de levure de biére desséchée. 
Les cultures sont rangées dans une étuve ou cage spécialement aménagée a 
cette fin. La température y est maintenue constante a 28 + 1°C. 
L’humidité relative est aussi maintenue constante 4 70 + 5% au moyen 
d’un générateur de vapeur et d’un humidistat 4 cheveux. 

Nous récoltons les ceufs vers le quatorziéme jour de la culture. Toutes les 
24 h., nous retirons les larvules écloses et nous les plagons dans le régime 
F.B.E. levure. De cette fagon, il est trés facile de contréler l’Age des larves 
a un jour prés. 

Nous suivons sensiblement la méme technique pour le prélévement des 
pupes d’4ge connu. Lorsque les cultures ont atteint 24 jours, nous les 
séparons du milieu nutritif au moyen d’un sas numéro 20. Nous rejetons 
alors toutes les pupes et prépupes. Vingt-quatre heures aprés, nous 
recommencons le tamisage de ces cultures et nous récoltons ainsi des individus 
d’a4ge connu. Nous employons la méme méthode pour les adultes. 


Méthodes de mesures 

Au cours de toutes nos déterminations, nous avons utilisé de petits creusets 
en porcelaine (5 cc.) préalablement lavés dans une solution d’acide nitrique 
a 20%, et chauffés 4 poids constant. 

Pour étudier les variations de poids corporel, nous pesons 15 lots de 100 
individus de chacun des 4ges mentionnés dans I’introduction. Pour les 
autres mesures, connaissant le poids moyen d’un individu d’A4ge donné, nous 
avons déterminé par pesée le nombre exact de spécimens contenus dans nos 
échantillons. Toutes les pesées ont été faites sur une balance sensible au 
0.1 mg. 

Pour mesurer la teneur en eau, nous avons fait deux dessiccations successives 
dans une étuve a vide maintenue 4 80° C. Nous avons dosé les cendres totales 
en effectuant deux incinérations de sept heures chacune dans un four 
maintenu a une température voisine de 500° C. 


Analyse des résultats 

Tous les résultats que nous présentons dans ce travail sont des moyennes 
arithmétiques calculées d’aprés 15 déterminations. Ainsi, pour le poids 
corporel, nous avons pesé 15 lots de 100 individus de chacun des 4ges. Pour 
toutes les autres mesures, nous avons fait 15 déterminations sur des 
échantillons comprenant environ 500 spécimens. Chacune des moyennes est 
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accompagnée de son erreur normale (¢ 4) et de la déviation standard (¢) qui 
caractérisent la dispersion des individus autour de la moyenne. Cette 
derniére valeur est mise en évidence dans les courbes de la figure 1 ot la 
dispersion des individus est traduite par |’épaisseur de la courbe. 

Pour les quatre variables étudiées: poids corporel, teneur en eau, teneur en 
matiére séche et cendres totales, nous avons fait l’analyse de la corrélation 
afin de connaitre les relations possibles entre elles. Nous avons recherché 
le coefficient de corrélation ‘‘r’’ et la valeur “‘t’’ qui nous indique si ce coefficient 


295 








1-Poids moyen corporel de 100 individus 

2-Poids moyen delateneur en eau de 100 individus 
275 3-Poids moyen de lo matiere seche de 100 individus 
4-Poids moyen des cendres de 100 individus 
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Fic. 1. Variations du poids corporel, de la teneur en eau, en matiére séche et en 
cendres totales au cours de la métamorphose chez Tribolium confusum. L’épaisseur 
des courbes traduit la déviation standard des déterminations sur 100 individus. 
L’ordonnée de la courbe 4 doit se lire 4 droite de la figure. 
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est suffisamment grand pour étre significatif. Lorsqu’il y avait relation, 
c’est-a-dire lorsque ‘‘Y”’ était fonction de “‘X”’, nous avons déterminé la courbe 
de régression et nous en avons mesuré le degré de précision par le calcul de 
l’erreur standard de l’estimé. Cette derniére valeur tient compte de la 


dispersion des valeurs réelles autour de la courbe de régression. 


Résultats et discussion 


Variations du poids corporel 

Nous groupons dans le tableau I les variations du poids corporel enregistré 
au cours de la métamorphose chez T. confusum. Ces mémes variations sont 
aussi représentées par la premiére courbe de la figure 1. 

Afin d’avoir un point de comparaison, nous avons d’abord déterminé le 
poids corporel des larves 4gées de 15 jours. A ce stade, la période larvaire 
est presque complétée; l’insecte a fini d’accumuler ses réserves et son poids 
corporel est maximum, soit 270.3 mg. pour 100 individus. Comme le 
démontre l’épaisseur de la courbe 1 (figure 1), les variations individuelles, 
traduites par l’erreur standard (@), sont trés élevées. Nous croyons pouvoir 
expliquer ces fortes différences en invoquant le fait qu’a ce stade les larves se 
nourrissent encore et que leur poids peut conséquemment varier. Peut-étre 
aussi sont-elles, 4 ce moment, plus affectées par les légéres variations de 
température et d’humidité subies dans |’incubateur. 


TABLEAU I 


VARIATIONS DU POIDS CORPOREL AU COURS DE LA METAMORPHOSE 
CHEZ Tribolium confusum 











Poids corporel de 100 individus en mg.* 


Age en Erreur standard} 

Stades jours Moyenne + out +o 
Larves 14-15 270.3 + 6.70 31.46 
Prépupes 0-1 265.6 + 1.73 9.46 
Pupes 0-1 240.4 + 0.57 2.20 
1-2 208.5 +0572 2.88 

2-3 237.3 + 0.68 2.43 

3-4 235.8 + 0.61 2.44 

4-5 234.8 + 0.77 3.09 

5-6 233.7 + 0.82 3.29 

Adultes 0-1 197.5 + 0.30 1.22 
4-5 208.2 + 1.38 5.87 


*Pour chacun de ces poids moyens, nous avons pesé 15 lots de 100 individus chacun. 
tow = o /VN,N = 15. 


] 2(m — M)? 
te = a , ‘m' représente chacune des 15 pesées individuelles. 
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Déja, au stade intermédiaire de prépupe, le poids corporel a diminué de 
5 mg. A ce moment, les insectes ne mangent a peu prés plus et ils ont 
commencé d’utiliser les réserves emmagasinées au cours de la vie larvaire. 
Au début de la métamorphose pupale, l’insecte se débarrasse de son tégument 
et probablement aussi de son contenu intestinal. Le fléchissement du poids 
corporel est donc assez marqué. En effet 100 pupes ne pésent plus que 
240.4 mg., ce qui constitue une perte de 30 mg. Au cours de la pupaison, la 
diminution du poids corporel se poursuit au rythme moyen de 1.3 mg. par 
jour pour 100 pupes. La perte totale de 6.7 mg. au cours de toute cette 
période est peut-étre minime, mais elle est significative (¢ = 6, entre 240.4 et 
233.7). Des résultats semblables ont été obtenus chez Bombyx mori (2, 3, 19), 
Popillia japonica (12, 13), Apis mellifera (14) et Calliphora (11). 

Au moment de l|’émergence imaginale, l’insecte se débarrasse encore de 
son tégument et des produits d’excrétion entassés au cours du stade précédent. 
La perte de poids corporel est donc élevée, soit 36 mg. pour 100 individus. 
Immédiatement l’imago commence a manger et, dés l’Age de cinq jours, 
augmentation du poids corporel est significative. Cependant, 1l’erreur 
standard tend 4a s’accroitre. 

Au cours de sa métamorphose, 7. confusum subit donc une perte de poids 
égale 4 27% du poids corporel des larves de 15 jours. Cet insecte se comporte 
comme d’autres espéces déja étudiées. Ainsi, chez Bombyx mori (1, 2, 3) et 
Deilephila (10), le poids total atteint un maximum au cours de la période 
larvaire et diminue constamment par la suite. 


Variations de la teneur en eau et en matiére séche 


Nous exposons au moyen des courbes 2 et 3 de la figure 1 et dans le tableau 
II les différentes teneurs en eau et en matiére séche mesurées au cours de la 
métamorphose chez T. confusum. Au tableau II, les valeurs sont exprimées 
d’abord pour 100 individus puis nous les présentons sous forme de pourcentage, 
c’est-a-dire que chaque donnée est calculée pour 100 mg. d’individus. Nous 
éliminons ainsi la variation du poids corporel. 


TABLEAU II 


VARIATIONS DE LA TENEUR EN EAU ET DE LA MATIERE SECHE AU COURS DE LA 
METAMORPHOSE CHEZ Tribolium confusum 








Poids de l'eau en mg. Poids de la matiére séche en mg. 
oe Dans 100 individus Dans Dans 100 individus Dans 
Ageen ————————— 100 mg. ———— 1. 
Stades jours Moyenne + oy to d'individus Moyenne + oy +o d’individus 

Larves 14-15 153.1 + 0.57 2.21 56.64 117.2 + 0.56 2.18 43.36 
Prépupes 0-1 149.3 + 0.17 0.68 56.21 116.3 + 0.18 0.68 43.79 
Pupes 0-1 136.5 + 0.25 0.98 56.78 103.9 + 0.26 1.02 43.22 
1-2 138.1 + 0.18 0.69 57.95 100.4 + 0.16 0.62 42.05 

2-3 138.1 + 0.23 0.91 58.20 99.2 + 0.23 0.89 41.80 

3-4 139.0 + 0.12 0.47 58.99 96.8 + 0.12 0.45 41.01 

4-5 139.3 + 0.09 0.36 59.41 95.5 + 0.06 0.25 40.59 

5-6 140.4 + 0.18 0.71 60.12 93.3 + 0.19 0.72 39.88 

Adultes 0-1 111.5 + 0.18 0.69 56.46 86.0 + 0.19 0.73 43.54 

2 & G. 0.80 + 0.22 0.83 
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La teneur en eau chez 100 larves de 15 jours s’éléve 4 153.1 mg. (56.64%). 
Au premier jour de la pupe, cette valeur n’est plus que de 136.5 mg. (56.78%), 
soit une diminution de 16.6 mg. Au cours du stade pupe, la teneur en eau 
manifeste une légére augmentation et, au moment de la métamorphose 
imaginale, nous enregistrons une trés forte diminution de 28.9 mg. Aprés 
cing jours, l’insecte adulte a déja accru sa teneur en eau de quelques 
milligrammes. 

Ces résultats s’accordent assez bien avec ceux de Fraenkel et Blewett (9) 
qui ont rapporté une teneur moyenne de 56.8% pour des pupes d’4ge inconnu. 
I] existe beaucoup de données sur la teneur en eau au cours de la métamorphose 
des insectes. Malheureusement elles ne sont pas toujours compatibles (4), 
ce qui rend leur interprétation assez difficile. Chez P. japonica (12, 13), la 
teneur en eau diminue immédiatement avant la pupaison, elle augmente 
légérement au cours de ce stade et elle s’abaisse de nouveau au moment de la 
métamorphose imaginale. Rudolfs (17) a publié des résultats similaires pour 
Malacosoma americana. 

Le poids de la matiére séche présente des variations semblables a celles du 
poids corporel, mais évidemment moins prononcées. 

Nous rapprochons dans le tableau III les différences entre les valeurs des 
trois variables: poids corporel, teneur en eau et teneur en matiére séche. 


TABLEAU III 


VARIATIONS COMPAREES DU POIDS CORPOREL ET DE LA TENEUR EN EAU 
ET EN MATIERE SECHE AU COURS DE LA METAMORPHOSE 
CHEZ Tribolium confusum 


Variations en milligrammes du poids 
de 100 individus 


Poids Teneur Teneur en 
Différences entre les: corporel en eau matiére séche 
Larves et prépupes 4.7 3.8 0.9 
Prépupes et pupes de 0-1 jour 25.2 12.8 12.4 
Pupes de 1 et de 2 jours 1.9 —1.6 3.5 
Pupes de 2 et de 3 jours Ey 0 1.2 
Pupes de 3 et de 4 jours is —0.9 2.4 
Pupes de 4 et de 5 jours 1.0 —0.3 1.3 
Pupes de 5 et de 6 jours ca —1.1 Ze 
Pupes de 6 jours et adultes de 1 jour 36.2 28.9 Pe 
Adultes de 1 et de 5 jours —10.7 —5.4 —5.3 


Les nombres présentés dans ce tableau sont obtenus par soustraction. Ainsi, 
pour le poids corporel, la valeur 4.7 est la différence entre 270.3 et 265.6. 
Quand une valeur est négative, c’est qu’il y a eu augmentation. 

Grace a ce tableau, il est facile de voir que la perte de poids corporel est 
surtout causée par une déshydratation lors du passage de larve a prépupe. 
Lorsque cette derniére se transforme en pupe, la chute du poids corporel 
semble se partager également entre la perte d’eau et celle de la matiére séche. 
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Cependant, si nous tenons compte du tégument larvaire et du contenu 
intestinal rejetés par la prépupe 4 ce moment, nous voyons que l’évaporation 
d’eau est encore plus importante que la consommation des réserves accumulées 
durant la vie larvaire. 

Les résultats obtenus au cours de la pupaison démontrent clairement une 
augmentation de la teneur en eau, en méme temps qu’une diminution du 
poids corporel. Or, 4 ce moment, les insectes holométaboles constituent un 
systéme semi-clos dont les parois sont perméables aux seules substances 
gazeuses. II faut donc nécessairement expliquer cette diminution de poids 
par la perte de matiére séche due a la consommation de _ réserves. 
L’augmentation de l’eau provient probablement de l'utilisation métabolique 
des rései ves. 

Lors de la métamorphose imaginale, les quatre cinquiémes de la perte du 
poids corporel sont causés par la diminution de la teneur en eau et un cinquiéme 
seulement par le rejet de l’exuvie pupale et la consommation de réserves. 
Cette forte évaporation d’eau est trés bien représentée par la courbe 2 de la 
figure 1. 


Variations de la composition en cendres totales 

Nous décrivons les variations en cendres totales dans le tableau IV et dans 
la courbe 4 de la figure 1. Encore une fois, ce sont les larves de 15 jours qui 
possédent le maximum, soit 3.0 mg. de cendres totales. Au stade prépupe, 
les matiéres inorganiques ont déja subi une perte de 0.6 mg. (20%). Ce 
fléchissement se continue jusqu’a l’apparition de la pupe. Durant toute la 
période de la pupaison, le poids des cendres ne change pas, car il faut se 
rappeler qu’a ce stade I’insecte n’est perméable qu’aux substances gazeuses. 
Chez les adultes, le taux des minéraux subit d’abord un léger fléchissement 
avec la perte du tégument et augmente par la suite. 


TABLEAU IV 


VARIATIONS DE LA COMPOSITION EN CENDRES TOTALES 
AU COURS DE LA METAMORPHOSE CHEZ Tribolium confusum 


Poids des cendres totales en mg. 





- Dans 100 individus Dans 
Age en a 100 mg. 
Stades jours Moyenne + om +o d’individus 

Larves 14-15 3.0 + 0.029 0.109 4.18 
Prépupes 0-1 2.4 + 0.010 0.037 0.90 
Pupes 0-1 2.2 + 0.012 0.045 0.92 
1-2 2.2 + 0.012 0.045 0.92 

2-3 2.2 + 0.012 0.045 0.93 

3-4 2.2 + 0.011 0.044 0.93 

4-5 2.2 + 0.014 0.052 0.94 

5-6 2.2 + 0.012 0.045 0.94 

Adultes 0-1 2.1 + 0.013 0.048 1.06 
4-5 2.3 20,045 0.058 1.10 
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Selon Nelson et Palmer (16), les cendres totales augmentent réguliérement 
jusqu’au stade adulte chez T. confusum. Mais ces chercheurs ne tenaient 
pas un compte aussi rigoureux que nous de |’age des individus mis en essai 
et c’est ce qui explique l’apparente contradiction de leurs résultats avec les 


notres. 


Etude de la corrélation 

Nous avons illustré dans la figure 1 les différentes variations subies par les 
quatre variables au cours de la métamorphose chez T. confusum. La portion 
de ces courbes qui représente la période de pupaison posséde une allure 
linéaire. Nous avons donc jugé nécessaire de procéder a une analyse statistique 
de la corrélation possible entre ces variables. Pour ce qui est des cendres 
totales, la droite étant parfaitement horizontale, il n’y a pas de relation 
possible. Nous avons d’abord associé, tour a tour, chacune des trois autres 
variables avec la durée en heures de la pupaison. Les figures 2, 3 et 4 
illustrent ces associations tandis que les figures 5, 6 et 7 représentent les 
associations des trois variables entre elles. Nous avons groupé dans le 
tableau V les résultats mathématiques de cette étude. 

Les valeurs de ‘‘t’’ calculées pour chacun des coefficients de corrélation (r) 
nous indiquent une relation hautement significative entre les diverses 
associations des trois variables. Nous avons donc recherché les équations 
des droites de régression et les erreurs standard de leurs paramétres. Si nous 
examinons les figures 2, 3 et 4 tracées a l’aide de ces données, nous constatons 
que le poids corporel et la teneur en matiére séche varient en raison inverse 
de l’Age de la pupe, tandis que la teneur en eau est directement proportionnelle 
a l’Age de la pupe. En d’autres termes, il y a augmentation de la teneur en 
eau et diminution de la teneur en matiére séche et du poids corporel au cours 
de la pupaison. 

Les figures 5, 6 et 7 nous conduisent aux mémes conclusions. Le poids 
corporel (figure 5) et la teneur en matiére séche (figure 7) diminuent avec 
l’augmentation de la teneur en eau et le poids corporel (figure 6) diminue en 
méme temps que le poids de la matiére séche. Tous ces résultats confirment 
parfaitement ceux déja présentés plus haut. C’est donc dire que, au cours 
de la pupaison, l’organisme utilise les réserves accumulées. Cette utilisation 
cause une diminution de la matiére séche, par conséquent du poids corporel, 
en méme temps qu'elle produit une augmentation de l’eau catabolique. 


Les droites exprimant ces résultats peuvent présenter un écart entre les 
valeurs prédites par la courbe et les valeurs réelles observées. Nous en avons 
donc recherché la précision en calculant l’erreur standard de l’estimé. Nous 
présentons cette donnée en valeur absolue et en pourcentage de la valeur 
moyenne. Le pourcentage d’erreur ainsi calculé est de l’ordre de 1%. Les 
droites sont donc trés précises et nous permettent de prédire avec justesse 
la relation entre les trois variables. 
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Fic. 2. Régression entre l’4ge en heures et le poids corporel moyen de 100 individus. 

Fic. 3. Régression entre l’Age en heures et le poids moyen de la teneur en eau de 
100 individus. 

Fic. 4. Régression entre l’A4ge en heures et le poids moyen de la matiére séche de 
100 individus. 

Fic. 5. Régression entre le poids de la teneur en eau et le poids corporel de 100 
individus. 

Fic. 6. Régression entre le poids de la matiére séche et le poids corporel de 100 
individus. 

Fic. 7. Régression entre le poids de la teneur en eau et le poids de la matiére séche 
de 100 individus. 
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OBSERVATIONS ON THE MATING, FEEDING, 
OVARIAN DEVELOPMENT, AND OVIPOSITION OF ADULT 
BLACK FLIES (SIMULIIDAE, DIPTERA)! 


By Doucias M. DaAviEs? AND BoBBIE V. PETERSON? 


Abstract 


Nineteen Ontario species were studied and five from outside Ontario examined. 
Newly emerged females were of five types: with (1) mature eggs and reduced 
mouth parts (Gymnopais spp., Cnephia spp.); (2) eggs half developed, much stored 
nutrient, and reduced mouth parts (C. emergens, P. alpestre); (3) eggs half 
developed, much stored nutrient, and piercing mouth parts (C. mutata); (4) 
eggs one-fifth to one-third developed, usually much stored nutrient, and piercing 
mouth parts (Simulium spp.); (5) eggs less than one-quarter developed, little 
stored nutrient, and piercing mouth parts (Prosimulium spp., Simulium spp.). 
In Cnephia spp. (type 1) mating occurred shortly after emergence with little 
flying. In C. mutata parthenogenesis is usual. Male mating flights occurred in 
species of Prosimulium and Simulium. But S. decorum mated on a support 
shortly after emergence and also just before oviposition. C. mutata fed 
infrequently on deer. Occasional females of S. decorum and S. vittatum (type 4) 
fed on mammals. Species of type 5, S. croxtoni, S. euryadminiculum, S. latipes, 
and S. rugglesi fed only on birds, S. venustum naturally on birds and mammals, 
and others naturally only on mammals. Ovarian development in species of 
types 4 and 5 took tive or more days. In those of type 5 it began only after a 
blood meal that may take two weeks to acquire. Females of Prosimulium, 
Cnephia, and some Simulium species dropped eggs into the water while flying. 
Other Simulium species oviposited on water-covered surfaces either while flying 
or alighted, depending on conditions. Oviposition was greatest in the evening 
but occurred at other times when populations were large and conditions 
favorable. 


Introduction 


Most streams in Ontario produce adult black flies at least in the spring of 
the year. Some species* develop slowly in the larval stage during the winter, 
e.g., Prosimulium hirtipes (Fries), Cnephia (Mallochianella) mutata (Malloch) 
(22). Others appear suddenly in the spring as minute larvae of the first instar, 
the eggs being the overwintering stage, e.g., Cnephia (Cnephia) dacotensis 
(Dyar and Shannon), Simulium (Simulium) venustum Say (22). In Southern 
Ontario the overwintering larvae produce adults in the spring, the date 
depending on the prevailing water temperature for that locality and year. 
The larvae hatching in the spring become adults in two to four weeks. 
The size of the population depends on factors such as the grinding action and 
silting conditions of spring floods and the amount of suitable habitat available 
that combines sufficient food, high oxygen tension, good rate and steady 
volume of flow, suitable substrate for attachment, and paucity of parasites 
and predators (21). The genera Prosimulium, Cnephia, and Gymnopais, 

1Manuscript received in original form May 24, 1956, and, as revised, September 25, 1956. 

Contribution from the Department of Biology, Hamilton College, McMaster University, 
Hamilton, Ontario. Supported by grants from the Research Council of Ontario and National 
Research Council of Canada. 

*Assistant Professor of Zoology, McMaster University. 

8Doctoral student, Department of Zoology, University of Utah, Salt Lake City, Utah; assisted 
the senior author during 1955. 

*The classification followed herein is that of Stone (104) and Stone and Jamnback (105) except 
in the case of certain species of the subgenus Eusimulium, in which it is based on the work of Shewell 
(96). Recent studies of the chromosomes show that several of the species included in this paper 


may be complexes of two or more species, the members within each complex being in most cases 
indistinguishable morphologically at present (89). 
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together with certain species of the genus Simulium (mainly of the subgenus 
Eusimulium), are univoltine, whereas other black flies in Canada have two 
or more generations annually. 

The seasonal variation of the newly emerging population and of the flying 
population of black flies away from the stream have been studied in Southern 
Ontario by Davies (22, 23). The variation of some activities of the adult 
females, i.e., flying, attraction, landing, and biting, with environmental factors, 
was discussed recently by Davies (23) and Edmund (32). 

In the present paper observations on mating, adult feeding in relation to 
larval nutrient stores, host preference, ovarian development, and oviposition 
are presented for the following species that occur in, or near, Algonquin Park 
(AP) or near Hamilton (H), Ontario: 


Prosimulium Roubaud 
decemarticulatum Twinn (AP) 
hirtipes (Fries) (AP, H) 


multidentatum Twinn* (H) 


Cnephia Enderlein 
dacotensis (Dyar and Shannon) (AP) 
mutata (Malloch) (AP, H) 
subexcisa (Edwards) (AP) 


Simulium Latrielle 

Eusimulium Roubaud 
aureum Fries (AP, H) 
croxtont Nicholson and Mickelt (AP) 
euryadminiculum Daviest (AP) 
gouldingi Stonet (AP) 
latipes (Meigen)f (AP) 

Neosimulium Rubtzov 
vittatum Zetterstedt (AP, H) 


Simulium Latrielle 
corbis Twinn (AP) 
decorum Walker (AP) 
parnassum Malloch (AP) 
pictipes Hagen (near AP) 
rugglesi Nicholson and Mickel (AP) 
tuberosum (Lundstroem) (AP, H) 
venustum Say (AP, H) 


In addition, the following species from outside Ontario were examined for 
certain morphological and developmental characteristics: 


Gymnopais Stone 
dichopticus Stone (Alaska) 
holopticus Stone (Alaska) 


Prosimulium Roubaud 
alpestre Dorogostajskij, Rubtzov, and Vlasenko (Alaska) 


Cnephia Enderlein 
emergens Stone (Churchill, Man.) 
eremites Shewell (Churchill, Man.; Chesterfield Inlet, N.W.T.; and Alaska) 
The observations are presented under four main headings: mating, feeding, 
ovarian development, and oviposition. Under each heading are discussed the 
genera Gymnopais, Prosimulium, Cnephia, and Simulium, with the species 
arranged alphabetically under each. 
*Rothfels (89) considers the specimens near Hamilton to be specifically distinct from multi- 


dentatum Twinn of the type Iccality on the basis of chromosome studies. 
tIdentification of females unassociated with their exuviae is only tentative. 
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The S. venustum — S. verecundum Complex 


A few remarks on this complex are appropriate before proceeding to the 
main part of the paper. There is a possibility that S. verecundum Stone and 
Jamnback (105) occurs in Algonquin Park. This recently described species is 
difficult to separate from S. venustum, being distinguished mainly by the 
white, instead of reddish, larval color, by the shape of the male ventral plate, 
and by some females having the hairs of the stem vein and pleural tuft dark 
(105). In Algonquin Park many females of the venustum-—verecundum complex 
could be separated into those with pale hairs and those with dark hairs on 
the stem vein. However, some were intergrades, either having hairs with 
dark bases and pale tips or a mixture of pale and dark hairs on the stem vein. 
About one-third of the females netted in May had dark stem-vein hairs. 
Females, with pale and with dark stem-vein hairs, fed on the authors as early 
as May 21, 1955, and others of both types contained mature eggs as well as 
blood on this date. Most of these, as judged by their blood-sucking habits, 
were S. venustum, but some S. verecundum females may have been present. 
Stone and Jamnback (105) considered S. venustum univoltine, most of the 
emergence being completed in early July in the Adirondacks. They considered 
S. verecundum to have annually two to three generations that had been 
confused in the past with later generations of S. venustum. In the present 
study, however, females with black and with pale stem-vein hairs were 
present from July to September although in reduced numbers. Bloodsucking 
of S. venustum was observed from May to October inclusive. Also S. venustum 
larvae with reddish-brown markings were collected in September and a male 
with a venustum-like ventral plate in October. Therefore if S. verecundum 
occurs in Algonquin Park, it appears that S. venustum coexists with it and has 
three to four generations per year. 


Mating 
BEHAVIOR 


Swarms of males have been observed in a number of simuliid species (7, 11, 
56, 72, 80, 124) but in only a few cases has coupling in flight been seen (7, 
56, 98). In C. dacotensis, however, copulation occurs without a mating flight 
(56, 79, 80, 109) and probably this is true in C. eremites (111, 94). A few 
individuals of some species have mated in captivity (41, 56, 80) but the number 
mating has been increased, and even doubled, by treating black flies with 
carbon dioxide gas or refrigerating them for a short time (16, 19). 

In the present study, actual copulation was observed only a few times. 
However, male swarms were noted in several species. 

Swarms of 10-50 males of P. hirtipes were observed from 4.00 to 5.00 p.m. 
(Eastern Standard Time) on three occasions in late May, 1950, in Algonquin 
Park at temperatures from 70° to 75° F. They flew at a height of 3-15 ft., a 
few to 25 ft., in the lee of a 30 ft. spruce tree, a 20 ft. pine stump, and the 
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corner of a low white building. Males were netted from the swarms but the 
one female netted may have been attracted by the observer. Males of this 
species were also often seen flying over the stream with ovipositing females, 
but no indication of mating was observed. 

A swarm of males of possibly P. multidentatum, P. hirtipes, and S. vittatum 
together was seen in the sun at noon on May 5, 1955, at one side and 10 ft. 
above the lip of Webster’s Falls (about 100-ft. drop), Spencer Creek. The air 
temperature was about 70° F. and relative humidity about 30%. The flies 
flew facing into the turbulent 10-15 m.p.h. wind. The wind increased 
dispersing the swarm, but one male of P. multidentatum was netted. A 
collection of mostly living flies in cobwebs at the top of the cliff yielded seven 
males and four females of P. hirtipes, three males of P. multidentatum, and 
four males of S. vittatum. This suggests that the swarm contained more 
than one species at one time and also that females of P. hirtipes were present 
in it. 

In C. dacotensis mating was accomplished with little or no flying. Large 
numbers of this species were observed in 1941 copulating on damp rocks a few 
minutes after their emergence from a rapids in the Madawaska River at 
Whitney, Ontario. Many males were attracted to one female and often a 
ball of flies was formed that rolled into the water. Subsequently large numbers 
of dead flies were washed up among the rocks at the water’s edge. In Costello 
Creek, Algonquin Park, from June 13-22, 1947, on June 1, 1948, and on June 7, 
1950, a similar mating performance of this species was observed. The flies 
crawled to a height of 3 ft. on objects protruding above the water and on 
vegetation growing on the bank. Occasional short, low flights were made 
from one support to another, but most of the activity was confined to a rapid 
crawling, during which time mating occurred. Mating was observed through- 
out the daylight hours and flies continued to mate when placed in 3-dram vials. 


C. mutata in Algonquin Park may reproduce generally by parthenogenesis 
as Davies (22) found the sex ratio to be only one male to 200 females, the 
male emergence ending early. In fact, from 1938-1947 at Costello Creek no 
males and 406 females were collected in emergence cages and in 1949 from the 
North Madawaska River at Lake Sasajewun, no males and 41 females. This 
unusual sex ratio may be related to the fact that 85% of the individuals of this 
species collected in Southern Ontario were triploid (90). Parthenogenesis has 
been reported only in one other species (26). 

Observations on S. decorum were made to determine the time interval 
between adult emergence and mating, and whether mating occurred while the 
insects were flying or on asupport. From 1.30 to 2.30 p.m. on June 13, 1955, 
adults of S. decorum were observed as they emerged just above a grassy riffle 
150 ft. below Lake Sasajewun dam. The air temperature was 54° F. Several 
of each sex were placed in dry 3-dram vials. Shortly after most of these flies 
had fully expanded their wings and hardened, the males demonstrated a 
sexual attraction toward the females. In some instances a male approached 
the female, tapped her with his forelegs on the apex of the wings or on the tip 
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of the abdomen, and then proceeded to crawl upon her back at the same time 
curving his abdomen down to touch the tip of the female abdomen. In most 
of these instances the female kept her wings closed, apparently unreceptive to 
the male advances, further discouraging the male by vigorously shaking him 
from her back. In only a few cases did the female allow coupling and this 
lasted but a few seconds. In other instances the male climbed immediately 
upon the female’s back and thrust the tip of his abdomen down to reach that 
of the female. Again most advances were incomplete, but a few females 
allowed the males to copulate with them. They remained together a few 
seconds, after which she shook herself free. It was observed that males often 
tried to mate with other males, the genitalia of the two coming into contact. 
In one case a female mounted a male. 

The spermathecae of four of these females were examined microscopically, 
one day and four days after the mating observation, and active spermatozoa 
were found. Later a microscopic examination of a male that had emerged 
from a pupa 10 min. earlier revealed active spermatozoa. These observations 
on mating, although made with the flies confined in vials, indicate that the 
adults of this species will mate shortly after emergence, possibly while still 
crawling on the rocks after their integument has partly hardened. 

Mating of S. decorum occurred also at the time of oviposition. Copulation 
was observed on the downstream face of the beams of the dam (Fig. 3) from 
2.30 to 3.30 p.m. on May 23, 1955, the air temperature being 70° F. Several 
males (about one male to six females) were crawling on the beams among 
numerous ovipositing females and among others containing immature eggs 
and stored nutrient. One female whose abdomen was distended with eggs 
was approached from behind by a male. He tapped her on the apex of the 
wings and proceeded to mount her. The female spread her wings slightly and 
the male secured his genitalia with hers. They remained in copulo for 
approximately 20 seconds. As soon as the male flew away, the female began 
ovipositing. The same procedure was observed a second time with another 
pair. Several other incomplete attempts at coupling were noted. Other 
males crawled over the newly laid eggs and appeared to dip the tip of their 
abdomens to the egg-covered surface. One ovipositing female was placed in 
a dry 3-dram vial with a sample of her newly laid eggs. A male fly from the 
logs was introduced into the vial. The male ignored the female and crawled 
over the eggs touching them with the tip of its abdomen. As the male’s 
abdomen was thrust to the eggs, the claspers were clearly seen to be extended 
ventrally and slightly laterally. Active spermatozoa were seen when the 
testes of this insect were examined under the microscope. The possibility of 
external fertilization should not be overlooked. 

The age of males that mated with ovipositing females is yet to be determined, 
but newly emerged males were often netted over the spillway, sometimes 
along with females containing mature eggs. Males were netted over the 
spillway from May 22 to July 18 and to a lesser extent over the sluiceway from 
June 8 to July 11. Some of these males were newly emerged as evidenced by 
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their pale integument and large fat bodies. Others contained mermithid 
nematodes which may have upset normal behavior so that they flew with 
ovipositing females. 

Male swarms of S. pictipes were observed at Marsh’s Falls, Oxtongue River, 
30 mi. southeast of Algonquin Park (Fig. 1). On July 1, 1941, and July 11, 
1952 (1.00 p.m.), swarms of males were flying in the sun close to the lip of the 
falls, but no females were observed or netted. In 1955, males were observed 
from June 15 to September 4 flying at the lip and above the foaming water 
and spray on the face of the falls. The males were observed flying in the 
sunlight from 7.30 a.m. to 8.30 p.m. From 6.00 to 7.30 p.m. on July 8, 75 or 
more males were flying at the base of the falls over an area of foaming water, 
20 ft. long and 30 ft. wide. A wind of 6-12 m.p.h. was blowing downstream 
and the air temperature was about 75°F. They flew in the light of the 
setting sun facing the easterly wind close to the water surface. Although 
individuals were moving continually forward near the water surface and 
backward at higher levels, the swarm was maintained over the one area. 
The whole swarm shifted position quickly with changes in wind speed and 
direction or when disturbed by the motion of the observer. Although a few 
flies came together briefly, no true coupling was recognized and only males 
were netted from the swarm. However, females were netted farther up near 
the lip of the falls. On July 10 from 7.00 to 8.15 p.m., 25-50 males were 
flying 4-5 ft. above the water in the same place and on September 4 from 9.15 
to 10.30 a.m., at least 200 were flying, some below 2 ft. but large numbers at 
5-15 ft. and some above this. The height of the flight increased with decreas- 
ing wind speed. The flies turned continually to face the light, variable wind. 
Flies came together briefly or sometimes only within 1 inch of one another; 
then both flew off in different directions faster than the eye could follow. 
However, only males were collected from the edge of the swarm. 

In the late afternoon on June 1, 1948, the authors made collections while 
driving from Costello Creek to Lake Sasajewun; of 101 flies collected in a cubic 
yard 20 mesh per inch screen cage on top of the vehicle 85 were males of 
S. venustum. This may indicate passage through a male swarm. At 7.00 
p.m. on June 3, 1955, in an open stand of white pine and white spruce, a small 
swarm of black flies flew at about 7 ft. above the ground. A collection 
revealed one male and 22 females of S. venustum, but no coupling was observed. 
Three of these females, and another netted a short distance away, had active 
spermatozoa in their spermathecae. On the same evening netting collections 
about blueberry flowers and the leeward shaded sides of spruce and balsam 
fir yielded one male and nine females of S. venustum and one male and two 
females of S. (E.) croxtoni. 

Evidence of a male swarm of S. vittatum was obtained as early as May 22, 
1947. A cubic yard screen cage had been tied to the top of a jeep, open end 
foremost. At 2.00 p.m. after a short drive had been made along the highway 
in Algonquin Park, the cage had many males of S. vittatum and a few males 
and females of P. hirtipes. 
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Fic. 1. Marsh’s Falls, 30 miles southwest of Algonquin Park, Ontario, where S. pictipes 
was observed. Oviposition occurred on rocks near the lip to the left of center and male 
flights over the foam below. Fic. 2. Smith’s creek at floodtime in early May. The 
water was less turbulent when P. hirtipes was observed ovipositing. Fic. 3. The log 
spillway and cement sluiceway of Lake Sasajewun dam. The lake is above and the 
North Madawaska River below. S. decorum oviposited on the downstream face of the 
spillway and through the spray below the lip at the exit of the sluiceway. S. vittatum 
oviposited within the sluiceway on the right hand cement wall at the water’s edge. Both 
laid eggs freely into the water as well. Fic. 4. Another view of the covered sluiceway at 
Lake Sasajewun dam showing the stream below. Fic. 5. The riffle on the North 
Madawaska River, 1200 ft. below Lake Sasajewun dam, the width of the river being 40 ft. 
S. euryadminiculum was observed in oviposition flights over sandy microbays just out of 
— to the right. S. venustum laid eggs on trailing bur reed and grass just to the left 
of center. 


Davies and Peterson—Can. J. Zool. Vol. 34 
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An attempt to induce mating of S. vittatum was made in the summer of 1954 
in the laboratory of McMaster University. A small (1 ft. X 1 ft. X 1} ft.) 
and a large (44 ft. K 5 ft. & 74 ft.) cheesecloth cage were used. In the latter, 
grassy sod covered the floor, in the middle of which was a white enamel pan 
(1 ft. 2 ft.) filled with water in which grasses trailed. The water was 
agitated in a series of small waves and slowly circulated by the bubbling in 
of air at one side. A fine spray of water fell through one half the cage top 
and sucrose crystals were scattered on the other half. The temperature varied 
from 71°-79° F. Attempts to stimulate mating in daylight and in overhead 
illumination at night were made with up to 300 flies at once, using sounds of 
mainly 300-500 c.p.s. that simulated the female wing-beat and were produced 
by a 3 in. speaker and an audio-oscillator, a method successful with mosquitoes 
(87, 88). On several occasions more than the usual cleaning movements of 
legs, wings, and face were manifest and at least once a male appeared to grip 
the cheesecloth with its claspers. Keeping flies actively flying by continually 
tapping the cheesecloth, successful in producing mating in chironomids (46) 
and culicids (87), was ineffective in this simuliid species. Neither did a fan 
providing a wind through the cage nor the addition of a tall post, a leafy bush, 
or the observer, as possible ‘‘swarm markers’’, produce visible mating. Also, 
fresh spermathecae were without spermatozoa. However, six females (1%) 
each laid several hundred eggs in the “‘bubbler’’ tray, but the eggs may have 
been infertile as they failed to hatch after several weeks. 


EyE MEASUREMENTS AND MATING FLIGHTS 


The small size of the compound eyes of C. dacotensis males and the lack 
of a strong positive phototaxis (109) is probably related to the absence of a 
mating flight. In some male specimens the eyes were separated by 0.04 mm. 
The largest upper facets measured 0.029 mm. and the lower facets 0.015 mm., 
the latter the same diameter as the female facets. There was more interfacetal 
tissue between the small facets than in other species. In nine species of 
Prosimulium and Simulium having, or suspected of having, a mating flight, 
the largest upper facets of the male eye averaged 0.038 (0.035—0.043) mm. 
and the lower facets 0.015 (0.013—0.017) mm. The number of upper to lower 
facets in the male was 257 to 542 in C. dacotensis and 417 to 814 in P. hirtipes. 
The proportion of the compound eye of the male covered by large and small 
facets was 1 : 1 in C. dacotensis and 4 : 1 in these other species. The head is 
narrower than the thorax, whereas in species with a mating flight the head is 
usually wider than the thorax. C. eremites has the smallest upper and lower 
facets of any species examined (0.027 mm. and 0.013 mm. respectively). The 
area of the eye covered by large facets to that covered by small facets is 
2:1 in this species. The dimensions of width and length, but not depth, 
of the compound eye of the male of the three species of Cnephia examined, 
including C. mutata, were much smaller than those of the species of Prosimulium 
and Simulium. 
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Feeding 


Male and female black flies feed on the nectar of flowers mainly to provide 
energy for flight (55), and the females of many species feed on the blood of 
birds and mammals to provide energy for ovarian development. 


STRUCTURAL DIFFERENCES OF THE MouTH PARTS AND FEEDING 


Some species, C. dacotensis, C. eremites, G. holopticus, and G. dichopticus, 
do not suck blood; the mandibles of the females are thin, with three to five 
weak teeth at the tip, and the weak galea of the maxillae possess hairs instead 
of teeth (Table IV). The mouth parts appear incapable of puncturing the 
skin of animals. A similar reduction in the mouth parts was noted also in 
C. emergens (104). The females of P. a/pestre from Alaska have only hairs on 
the galea of the maxilla, but the mandible has 13-15 large teeth on the lateral 
edge, although those on the medial edge are much reduced. It is doubtful if 
this species could pierce the skin of vertebrates. The reduced mouth parts 
of the females of this species were mentioned also by Dorogostajskij et al. (29). 

The other species examined in the present study have mandibles with both 
distal edges denticulate (12 + 29 teeth in P. hirtipes and 14 + 28 in 
S. venustum) and the galea of the maxillae with recurved teeth on both sides 
(about 22 in P. hirtipes and 35 in S. venustum) as described and figured for 
P. hirtipes and C. mutata by Bentinck (4), for S. venustum by Nicholson (79), 
for S. vittatum by Emery (36), and for S. aureum and S. latipes by Grenier (49). 
Thus in Ontario P. hirtipes, P. multidentatum (in Algonquin Park and near 
Hamilton), P. decemarticulatum, C. mutata, C. subexcisa, and all the species of 
the genus Simulium appear to be capable of puncturing the skin and sucking 
the blood of vertebrates, although some have yet to be proved as blood suckers. 


FEEDING ON BLOOD 


There are many reports of black flies sucking blood from man (13, 54, 
64, 123) and domestic mammals (3, 6, 10, 14, 70, 73, 77, 85, 86, 121), but those 
of their feeding on birds and wild mammals are less common. Reports of 
their feeding on poikilothermic animals are rare (5, 63, 82, 51). 

Bloodsucking in black flies increases at times of rapidly changing, especially 
falling, pressure (23). The feeding of black flies was found by Rees and 
Peterson (84) to change with altitude; above 7000 ft. in Utah, C. mutata, 
S. arcticum, S. tuberosum, S. vittatum, and S. hunteri Malloch readily attacked 
humans, but not below this altitude. In the laboratory Dalmat (16, 19) has 
increased the proportion of simuliids feeding on humans by treating the flies 
with carbon dioxide or refrigerating them. 


Method of Bloodsucking and Its Duration 

The authors have observed often that the forelegs of the female black fly 
rapidly palpate the surface when it is searching for a site for feeding through 
the host’s skin. When the mouth parts are inserted the foretarsi are raised 
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vertically away from the skin. The way in which the mouth parts of a black 
fly penetrate the skin of a human was described by Gibbins (45) and Wanson 
(118). During the present study, a female of S. venustum was observed under 
the microscope as it fed. For the first 13 min. after piercing the skin, the fly, 
anchored by the inserted mouth parts, jerked the thorax and abdomen forward 
and backward in a pumping motion most obvious at the neck and anterior 
edge of the thorax. The mouth parts were deep into the skin so that the 
labium was pressed closer to the head than when the fly is resting. The 
maxillary palps curved forward horizontally from the head and then back in a 
J-shape on each side, but were held close to the host’s skin. The forelegs 
were held with the tarsi away from the skin, so that when the right foreleg 
was viewed, the femur, tibia, and tarsus formed the letter N, with the tarsus 
anterior and the last three tarsal segments pointed backward. This is similar 
to the position of the forelegs in flight (55). The right mesotarsus and left 
metatarsus were holding the fly, whereas the left mesotarsus was held off the 
skin and the right metatarsus kept probing throughout the feeding for a firm 
hold. After the mouth parts were withdrawn a small drop of blood—about 
the size of the head of a pin—welled up and quickly dried. 

The time from insertion to full engorgement for seven females of S. venustum 
feeding on humans was three, three, three, four, four, six, and seven minutes 
respectively. A female of P. hirtipes required seven to eight minutes to 
complete a blood meal from the back of a human hand. 


Observations on the Bloodsucking of Individual Species 

The present observations together with pertinent previous reports are given 
for each species, first concerning feeding on humans, then on other mammals, 
and finally on birds. 

One female of P. decemarticulatum fed briefly when in a vial inverted over 
the defeathered skin of a domestic duck (Anas sp.) on June 1, 1949. There 
are no records of it feeding naturally.on blood. 

P. hirtipes is the earliest and second most annoying biter of humans in 
Algonquin Park (Tables I and II) and is troublesome to humans near Hamilton. 
It has been reported previously as a severe pest to man in North America 
(15, 52, 57, 62, 92, 93, 105) and as feeding on man and other mammals in 
Europe (2, 25, 35, 47, 99) and Siberia (29). 

In Algonquin Park, P. hirtipes feeds on humans usually from early May to 
the end of the month but single females have been netted in mid-June and one 
fed as late as June 21, in 1947. It may feed on a number of other animals. A 
few females were observed in late May feeding on Northern white-tailed deer 
(Odocoileus virginianus borealis (Miller) ) and occasionally in mucus in the 
nostril. Both reared specimens of P. hirtipes and those netted away from the 
stream fed when placed in vials inverted over a defeathered area of skin of 
domestic ducks, but the former took less blood. 

C. mutata fed on humans above 7000 ft. in Utah (84), but this species does 
not usually attack humans elsewhere (105, 28, 57, 42). In the present study 
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this species has flown around the author’s head both in Algonquin Park and 
at Hamilton, but has not attempted to feed. Hearle (53) reported one being 
taken from a horse in British Columbia. In Algonquin Park several were 
feeding on deer, mainly on the ears, during late May of 1950 and 1955. 


A female of C. subexcisa was netted over the lake 30 ft. out from the duck 
pens but there was no evidence of its feeding on ducks. 


There are conflicting reports regarding the feeding of S. aureum. It is not 
a pest of man (57, 105), in fact there is no evidence of its sucking blood (11, 
19, 34). Walker in 1927 (117) reported that S. bracteatum Coq. (syn. of 
S. aureum) fed on goslings and ducklings, but later Twinn (108) reidentified 
10 of these female flies as S. venustum. A still later re-examination of the 
specimens by Shewell (95) revealed them to be actually S. rugglest, a species 
recently described (80). The original misidentification of Walker has led 
later authors to mention the feeding of S. aureum on ducks and geese (49, 
100, 5), an association which has yet to be demonstrated. In the present 
study a female of S. aureum was crawling on June 7, 1950, in the fur on the 
face of a dead black bear (Euarctos americanus americanus Pallas), and 
attemping to feed. Only one was netted about domestic ducks although 
collections were made regularly throughout the spring and summer of 1955. 


As a number of the members of the subgenus Eusimulium feed on birds 
they will be treated together. Published reports on the feeding of S. croxtont, 
S. euryadminiculum, and S. gouldingi are lacking. However, S. (E£.) canoni- 
colum (D. & S.), a species close to S. euryadminiculum, was abundant enough 
to cause significant mortality in nestling red-tailed hawks (Buteo borealis) in 
California (38) and S. (E.) clarum (D. & S.), possibly synonymous with 
S. canonicolum, fed on a young long-eared owl (Asio wilsonianus) in British 
Columbia (53). S. latipes was observed biting humans (34, 100) and cattle 
(103), and may occasionally feed on birds (35). S. (E.) costatum Fried., now 
considered distinct from the North American S. (E.) pugetense (D. & S.) (104), 
is a severe biter of man and cattle in Europe and Asia (33, 29). 


In the present study, although S. croxtoni, S. euryadminiculum, and 
S. latipes sometimes flew about humans and occasionally landed briefly on 
them, they made no attempt to feed. A female of S. croxtoni was removed 
from the stomach contents of an otter (Lutra canadensis canadensis (Schreber) ) 
killed at Costello Creek on May 24,1955. Five engorged females of S. croxtoni 
and one of S. euryadminiculum flew from a domestic duck when it was brought 
indoors on June 13, 1950, at Lake Sasajewun, Algonquin Park. In 1955, 
females of S. latipes, S. croxtoni, and S. euryadminiculum were observed to feed 
on domestic ducks from the evening of May 21 to June 9, to June 11, and 
to June 15 respectively (1). They crawled into the feathers with apparent 
ease in comparison with S. venustum and S. parnassum. This is probably 
because of their large bifid claws (95). These species were netted for some 
time after they were no longer observed by Dr. Anderson to feed on domestic 
ducks (8 days after for S. croxtoni, 13 days after for S. euryadminiculum, and 
30 days after for S. latipes). A female of S. (Z.) sp. (possibly latipes) was 
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collected in 1945 by Dr. C. D. Fowle in the feathers next to the skin of a 
ruffed grouse (Bonasa umbellus) in Algonquin Park. 


S. decorum was reported as a minor biter of humans in Labrador (57) and 
there are reports of its biting in Alaska (92), in United States (31, 80, 71, 28), 
but not in France (49). In the present study females of S. decorum fed 
occasionally on humans although they were frequently netted while flying 
about humans. The number of S. decorum females flying about humans in 
Algonquin Park began to increase in early July in most of the years studied, 
but usually made up less than 5% of those netted. Even on July 19, 1951, 
when 60% were this species, few of them landed on the observer. One female 
fed on the observer on June 6, 1947, one on May 21, 1955, and several near 
Bala, Ontario, in early August, 1956. Blood was found in a few females with 
mature eggs and was more frequent in females netted in late June and July 
than earlier. One female had its mouth parts sunk in the skin of a dead deer 
on July 5, 1951. Females of S. decorum in vials inverted over the defeathered 
skin fed on domestic ducks, geese, turkeys (Meleagria gallopavo), eastern crows 
(Corvus brachyrhynchos brachyrhynchos Brehm), and ruffed grouse, but took 
less blood than S. venustum. 


S. parnassum was reported as biting humans freely in Labrador (57) and 
in United States (31, 105). Fuller (43) found it feeding on a recently shot 
woodchuck (Marmota monax) in Massachusetts. In Algonquin Park it is 
equally as aggressive to humans as S. venustum. It is first seen in mid to late 
June and in the last 10 days of July in 1950 and 1951, it made up more than 
50% of the species netted about humans, and some were collected as late as 
mid-August in both years. On the other hand in 1955, at Lake Sasajewun, 
there were few, none being taken after July 12, and in 1947 at Costello Creek 
only two S. parnassum females occurred in netting collections made daily 
during July and August, most being S. venustum with some S. decorum and 
one S. corbis. S. parnassum engorged itself when in vials inverted over the 
defeathered skin of domestic ducks. ° 


Smart (98) reported that females of S. pictipes in captivity bit his arm but 
there was no evidence of its biting in nature near Ithaca, New York. It has 
been seen to bite horses (75), a mule (63), and a moose (80). In the present 
study only one female fed on a human—on August 1, 1956, near Bala, 
Ontario—although the authors spent many hours from May to October, 1955, 
at Marsh’s Falls where this species bred in numbers. 

S. rugglesi is recognized now as an important carrier of blood parasites to 
birds. The first recognized specimens were taken from geese in 1937 and 
described in 1950 (80). This species was really the one observed by Walker 
(117) in 1927 in New Brunswick (95). He stated that it attacked goslings, 
but not humans, in large numbers, becoming sluggish when greatly distended 
with blood. Most fed on the breast and abdomen, few on the back, and none 
on the head as was noted also by Anderson (1). Shewell (95) pointed to the 
importance of its bifid claw in crawling among birds’ feathers. - There are other 
records of its feeding on ducks and geese from New Brunswick and Ontario 
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(95), and from Manitoba as well (74); in each case it was associated with 
sickness or mortality in young domestic ducks. It has been taken in Labrador 
(57), Alaska (104), and Utah (83). Stone (104) referred to a collection of 
males, females, and pupae made by J. W. and F. A. Leonard on June 30, 1947, 
in the Pierre Marquette River of New York State. Dr. J. W. Leonard (69, 
personal communication) reported that adults of S. rugglesi swarmed over the 
river in great numbers just at dark, the swarm being ordinarily thickest at 
6-10 ft. over the water. The adults flew more rapidly than other species of 
black flies known to him and emitted a distinctly audible hum. They 
appeared to be attracted to the collector and were of some annoyance as they 
attempted to crawl into ears and nostrils but they made no attempt to bite. 

Eleven females of S. rugglesi were collected by the senior author on June 12 
and 13, 1950, as they emerged from the feathers of domestic ducks at Lake 
Sasajewun but he did not identify them until 1954. No specimens of 
S. venustum were taken on June 12 or 13 from these ducks but six females of 
Eusimulium were, as mentioned above. Sweep collections made during the 
week before and after these dates yielded 44% of S. venustum, 44% of 
S. euryadminiculum, 10% of P. hirtipes, a few C. mutata, one S. vittatum, and 
one S. rugglesi (June 5) in a total of 473 females. Dr. A. M. Fallis (37) 
collected more S. rugglesi from ducks in 1954 at the same place. In 1955 
many S. rugglesi were observed to feed on ducks at the water’s edge from 
May 26 to June 10, easily penetrating the feathers (1), but only a few were 
netted close to the duck pens. Anderson (1) observed them approaching the 
ducks from the lake side, right at the surface of the water. Only once in 1955 
was this species netted away from ducks, at 2.30—3.30 p.m. on June 15, just 
above the lip of Marsh’s Falls. These female flies had immature eggs and 
were full of nectar. There was no evidence of this species feeding on humans. 
This may indicate that although S. rugglesi was unattracted to humans, as 
evidenced by the netting collections, they were more attracted to ducks than 
S. venustum. More evidence is needed to establish the frequency with which 
S. venustum feeds on birds, but some observations are presented later. 

S. tuberosum bit humans in the Adirondacks of northeastern United States 
(27, 61) and in Utah (84). It was a pest of cattle, dog, and man in Great 
Britain (33, 100). Its feeding on man and other animals in Algonquin Park 
is yet to be shown. . 

S. venustum is abundant throughout North America and exceedingly annoy- 
ing to man and animals (31). It is the most important bloodsucking species 
across northern Canada (56, 57, 110, 111), and Alaska (62, 92, 106) as well as 
in certain more southern parts of Canada (23, 109) and the northeastern United 
States (61, 105, 107). Others reported, however, that, although sometimes 
common in northeastern United States (76), it caused little annoyance (78, 93). 
S. venustum fed on mammals, especially horses and mules in North America 
(11, 63) and Edwards et al. (35) reported that it bit horses and ducks. It 
fed on dogs as well as man at Churchill, an engorgement taking about five 
minutes (56). 
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S. venustum was the most troublesome species affecting humans in Algonquin 
Park. In the present study it was removed, gorged with blood from humans; 
other mammals, and birds (Tables I and II). On May 29, 1947, females of 
S. venustum crawled rapidly over the observer, but showed little inclination to 
suck blood, whereas P. hirtipes fed avidly. S. venustum began to take blood 
two days later. A similar phenomenon was observed in-May of 1946 and 
1949:--In other years it may appear one to two weeks earlier than it did in 
1947, individuals being observed on the wing on May 13, 1946, and May 12, 
1955; but in 1955, feeding on humans was observed first on May 21. At 
Hamilton, however, this species fed on the senior author on May 1, 1955, in 
the afternoon, with the air temperature over 70° F.. At Lake Sasajewun it 
was almost the only species (99%) bothering humans in June of 1951 and 
1955 and continued to feed on humans until July 18, 1955, after which few 
specimens attempted to feed even though they flew about and landed on 
humans until July 22. Single unidentified females, presumably this species, 
fed on humans as late as August 25 in 1947 and 1949 and July 24, 1955. 
However, in late September, 1948, at Cedar Lake, Algonquin Park, this species 
severely attacked man and a few. S. decorum bit also. On October ‘2-4, 1955, 
severe biting of presumably this species occurred at Lake Sasajewun, and on 
October 9, 1955, one female S. venustum was netted and pupae were collected. 

S. venustum females fed on a number of mammalian species in Algonquin 
Park, but most often were observed on Northern white-tailed deer. These 
observations for deer are summarized as follows: 


May 21, 1955 — five from deer, 12 hr. after death, 
four others from mucus in nostrils, 
May 25, 1950 — one from deer’s ear, at death, 
May 26, 1955 — many trying to pierce skin, 12 hr. after death, 


May 27, 1955 — hundreds crawling and engorging, 1 hr. after death (35 
flies collected), 
May 27, 1955 — seven from deer, one-half hour after death, 
June 10, 1955 — 27 from deer, 12 hr. after death, 
July 5, 1951 — two from dead deer, 
June 10 to 
mid-July, 1955— none on six dead deer. 


Swarms of presumably S. venustum were seen flying around the heads of black 
bear and woodchuck at Costello Lake in 1946, when S. venustum made up 
about 90% of the black flies netted about humans (23). Nine females were 
crawling on the face of a dead black bear on June 7, 1950, and attempting to 
feed. Seven females were taken on the morning of May 26, 1955, from an 
otter which had been dead only a few hours. One female fed on the furless 
area just above the otter’s eye. This species alighted on a caged marten 
(Martes americana americana (Turton) ) on May 27, 1955, and also several 
times on a tame raccoon (Procyon lotor lotor (Linnaeus) ) during the summer 
of 1955. At 9.00 a.m. on May 28, 1955, one female was collected from a 
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recently-killed beaver (Castor canadensis canadensis Kuhl). The fly was full 
of fresh blood, presumably from the beaver. On June 10, at 6.00 a.m., 
females of S. venustum were observed to crawl into the fur around the nose, 
ears, and eyes of two live beaver. The beaver winced when bitten by these 
black flies. 

S. venustum appears to have difficulty in making its way through feathers 
to the skin of birds, but has been observed feeding naturally on a number of 
avian species. Small swarms of S. venustum (nine flies collected) were observed 
on June 1 and 6, 1948, flying above bronzed grackle nests (Quiscalus quiscula 
aeneus) containing partly feathered nestlings. The nests were situated 20 ft. 
above the ground in an open part of an old lumber mill at Lake of Two Rivers, 
Algonquin Park. At 8.00 p.m. on June 1, 1948, three females containing 
blood were removed as they fed on a fledgling crow at Lake Sasajewun. 
Bennett (1954, personal communication) in Anderson (1) collected engorged 
S. venustum females in the nests of crows. One female was collected on 
June 12, 1948, while it was feeding on blood in the shaft of a developing wing- 
feather of a sickly great blue heron (Ardea herodias herodias Linnaeus). On 
July 12, 1955, one female was taken as it crawled on an immature long-eared 
owl that was being held in human hands. They have often been observed 
feeding naturally on domestic ducks, geese, crows, and ruffed grouse when 
these birds were held by, or rested near, humans; but more flies than usual 
may have been attracted to the vicinity of the bird by the observer’s presence. 
Dr. R. C. Anderson in 1955, however, collected from a domestic duck three 
females that had been feeding on it before he arrived. When females were 
inverted in 3-dram glass vials over the eye or the defeathered skin, they fed 
readily on domestic ducks, geese, turkeys, crows, and ruffed grouse, feeding in 
most cases taking from one to three minutes. These were usually flies netted 
away from the stream, but a few females that had emerged 1-24 hr. previously 
were induced to feed on birds, but the blood meal was small. 

S. vittatum appears to vary in its feeding habits in different parts of the 
continent. Most workers report that it bites humans either occasionally (75, 
63, 109, 105, 106) or not at all (124, 85). This species, although not biting, 
was most troublesome at Churchill, Manitoba (56), and in Alaska (12, 92), 
dense clouds of females beating at the face and getting into eyes, nose, and 
mouth (56). Peterson (82) reported similar observations for this species 
below 7000 ft. near Salt Lake City, Utah. However, Hunter (59) said that 
it fed on humans in Kansas, Hearle (53) that it attacked man in British 
Columbia but preferred larger animals, and Dyar and Shannon (31) that it 
attacked man and livestock freely. Cameron (11) saw it frequently engorging 
on cattle. Rees and Peterson (84) observed it feeding freely on domestic 
animals, mainly horses, at low altitudes in Utah. This was similar to the 
findings of Knowlton and Rowe (68), who removed more than 200 females 
from the ear of one horse. 

In Ontario, females of S. vittatum, although at times emerging abundantly 
(Table II), have not been seen feeding on humans, but they have been taken 
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TABLE I 


THE BIRDS, MAMMALS, AND FLOWERS WITH WHICH DIFFERENT SPECIES OF 
BLACK FLIES WERE ASSOCIATED IN ONTARIO 





Feeding on animals 


Feeding on plants 





Species Birds Mammals (swept from or near flowers) 
P. decemarticulatum Domestic duck* 
P. hirtipes Domestic duck* Human Pin cherry§ 


P. mulltidentatum 


C. mutata 


S. aureum 
S. croxtont 


S. decorum 


S. euryadminiculum 


S. latipes 


S. parnassum 
S. pictipes 
S. rugglest 


S. venustum 


S. vittatum 


Domestic duck 


Domestic duck* 
Domestic goose* 
Domestic turkey* 
Eastern crow* 
Ruffed grouse* 


Domestic duck 


Domestic duck 
Ruffed grouset? 


Domestic duck* 


Domestic duck 


Domestic duck 
Eastern crow 

Gt. blue heron 
Ruffed grouset 
Domestic gooset 
Domestic turkey* 
Long-eared owlt 
Bronzed grackle§ 


Domestic duck* 
Domestic turkey* 


Virginia white-tailed 
deer 


Human 


Human§ 
Virginia white-tailed 
deer 


Black beart 
Otter|| 


Human 
Virginia white-tailed 
deer 


Human 


Human 


Human 

Virginia white-tailed 
deer 

Otter 

Beaver 

Black beart 

Martent 

Raccoont 

Woodchuck§ 


Humant 
Virginia white-tailed 
deer 


Blueberry (V. angustifolium and 
V. myrtilloides) 


Blueberry (V. myrtilloides) 


Blueberry (V. angustifolium and 
V. myrtilloides) 


Willow (female shrubs) 


Pin Cherry§ 
Blueberry (V. angustifolium and 
V. myrtilloides) 


Blueberry (V. myrtilloides) 

Mixed flowers: yarrow, buckwheat, 
oxeye daisy, vetch, Devil's paint 
brush, goldenrod 





*Fed under inverted vial. 
tCrawling and probing only. 


{Possibly attracted by nearby humans. 


§ Flying nearby but not feeding. 
||In stomach contents. 


crawling on them occasionally. Only once was this species found on a 
mammal other than humans. 
a deer one-half hour after death. This species was induced with difficulty to 
feed on domestic ducks and turkeys, and only small amounts of blood were 
taken. A few females, some with mature eggs, that were netted during the 
spring and summer of 1955 contained vertebrate blood; others were filled 


only with nectar. 


On May 27, 1955, a female was removed from 






































I eC nee ETT 





zZ eunf OS6T UNMefeses — 
i 38aq UO paj 10 papue’y 


OF sunf{-1z Aew ‘ : SS6T-OS6T UNAMafesEs - 
JQep UO paj 10 pepueT 


Iz “Bny-z Avy , ° over em wo ped 


£7 Ainf-1 aunt ‘0 to —-* eee pom) . 
646 feses ° 
Iz ‘8ny-6z Ae , : L¥GT 1193809 
ueul uo pepuey 


¥ ‘ydas-1z AeW f , . P , , ; ; Jaze “UJUI Z SS6T 
zz Ainf-oz Aew , . " . ; , : [eALUe UO TS6T 
1z Ainf-oz AeW f : : i : E ft [eAtsse uo OS6t 
8 “SNy-9T ALI 2 , TeAtize UO 6F61 
puey] JaA0 ‘unmafeses “]T 

*U0T}9aT]OD deamsg 


9z ‘Bny-6z AeW s it ‘ : 5 7 . 1°O 40}Je a10U! JO “UIUI ¢ LH6T 
Oz “Bny-6Z ABW , , ; ? ; ’ . £0 JEALLIe UO 161 
PUR] J2A0 ‘oT]2780D 

*UOT}09]]09 daaMmg 


LZ ‘Bny-6 Aepw : . ; * ; : P ; . 6b61 “A eysemepewW "N 
aouesIIWI A 


LZ ‘Bny-¢ Aeyw . . . . . . . . “LPO "10 OT]2780D) 
61 “3eg-sz “Bny “€ . ; 4 7 , , c r L¥6I-6E61 “AD O119380D 
0} pz-¢ ABW aouss IW 


Ou [230] 
189]33N4 *S 
$9¢3}0] *S 
2U0JX049 *S 
sadsaty “d 


ATd ADVTA AO 
SaIOddS 


© 
ww 
m 
o 
*“ 
J 
° 
S 
> 
oO 
o 
8 
N 
te 
° 
4 
< 
Z 
% 
~ 
° 
_ 
Z 
s 
Q 
< 
A 
< 
Oo 


uolzeAJasqo 
JO polled 
mnjsnuas *S 
mnsosagny *S 
wunsspusng *S 
Dstoxaqns °F 
DjDjnU *D 
stsuajooDp *D 


mnjnrtUIMpDK AN? *S 
ULNIDINIAADUII2P “J 








(a9vaL = a) aaAIWad SSH1T YO AYOW ANAM SAITA GALOVALLVY AHL HOIHM WOUA SNOILVINdOd DONIATA 
GNV INS9YaWNA AHL AO NOILISOdWOD DJIAIDAdS AHL GNV SLISOH NIVLIYHD HLIM GALVIDOSSVY SHIDAdS SNOIMVA AO SHDVINADAAd AHL 


Il FTAVL 











DAVIES AND-PETERSON: | BEACK PLIES 


FEEDING ON NECTAR 


Black flies feeding on flowers, fruits, or the cut ends of sugar cane have been 
discussed by a number of workers (5, 55, 56, 119). Nectar and other sugar 
solutions are stored in the oesophageal diverticulum (crop) of female black 
flies (55, 118, 120). Hocking (55) mentioned instances of females with crops 
ruptured: and the .nectar. in..the haemocoele,. presumably from an. over- 
engorgement. 

In Algonquin Park most black flies netted, except those recently emerged, 
were observed in 1955 to have variable amounts of nectar in their oesophageal 
diverticula.. The sweet taste of the abdominal contents of black flies that 
were crushed when they accidentally entered the observer’s mouth has been 
noted on several occasions. Species such as P. hirtipes, S. venustum, and 
S. parnassum, and also S. decorum, netted as they swarmed about the authors, 
contained nectar and in some cases blood also. All ‘female flies netted 
throughout the spring and summer in vegetation or as they flew more or less 
randomly over land or water contained nectar and were usually distended by 
it. In most flies with the abdomen distended with.mature eggs or in the 
process of oviposition, nectar occupied the space between the ovaries. 

Attempts to discover the type of blooms frequented by black flies in 
Algonquin Park were made by sweeping with an insect net through flowers of 
different species (Table 1). The greatest number were found in the afternoon 
of May 23, 1955, in blueberry flowers that grew near the bank of the North 
Madawaska River. Close examination revealed that many blossoms of 
Vaccinium angustifolium contained black flies. A netting collection made 
through these blossoms yielded one female of P. hirtipes,'17 of S. decorum, 
and two of S. venustum. Later the same afternoon a netting collection 
through Vaccinium myrtilloides growing nearby yielded 10 females of P. hirtipes, 
three of C. mutata, four of S, decorum, 187 of S. venustum, and one of S. vittatum. 
All of these flies contained nectar and in addition a few females of S. venustum 
contained blood. Immature eggs were found in most of these flies but eight 
of P. hirtipes had almost mature eggs. On June 3 netting collections from 
V. angustifolium near the riverbank included a male as well as nine females of 
S. venustum. Two males and a female of S. vittatum were netted from a mixed 
stand of flowers, as listed in Table I. The three flies contained nectar and 
the female had mature eggs. 


Ovarian Development 


MATURITY OF EGGS AND AMOUNT OF STORED NUTRIENT 
IN NEWLY EMERGED FEMALES 


The eggs of some species are mature, or almost so, when the female emerges 
from the pupa. In other species there are various degrees of egg development 
in newly emerged females. 

The eggs of C. dacotensis, C. eremites, G. holopticus, and G. dichopticus 
appear to be mature when. the female emerges, the development of the eggs 
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occurring in the pupal stages (Tables III and IV). In a few females of 
C. dacotensis some immature eggs (length 0.14 mm., width 0.07 mm.) were 
interspersed with mature eggs. One female of C. eremites, collected about 
June 12, 1948, at College, Alaska, had the eggs incompletely developed (length 
0.20 mm., width 0.16 mm.) as compared to the eggs of other females. The 
early maturity of most of the eggs of these species and the probable short 
interval between emergence and oviposition, as observed in C. dacotensis, 
would necessitate that these species mate shortly after emergence, as has 
been observed for the two species of Cnephia. Also the mouth parts of the 
females of these species are unsuited for obtaining blood for further nourish- 
ment of the eggs. 


TABLE IV 


MOovuTH PARTS, MATURITY OF EGGS, AND AMOUNT OF STORED NUTRIENT IN NEWLY 
EMERGED FEMALES OF DIFFERENT SIMULIID SPECIES 


Eggs 
 ——— Amount of 
Actual size Present size stored 
Species Mouth parts (mm.) to mature size nutrient 
G. dichopticus Untoothed, weak 0.40 X 0.23 1 None 
G. holopticus ~ ~ 0.35 X 0.22 1 = 
C. dacotensis ss “ 0.28 x 0.12 1 “ 
C. eremites = « 0.27 X 0.18 1 ” 
C. emergens Untoothed, weak 0.13 K 0.09 About 1/2 Much 
P. alpestre Little toothed and weak 0.12 X 0.10 About 1/2 ° 
P. multidentatum Toothed, strong 0.13 X 0.07 1/3 - 1/2 Much 
C. mutata “ “ 0.09 X 0.07 1/3 - 1/2 = 
S. aureum Toothed, strong 0.04 X 0.02 1/5 -— 1/4 Much 
S. decorum e “ 0.08 XK 0.04 1/4 - 1/3 « 
S. vittatum S = 0.08 X 0.04 1/4 -— 1/3 ™ 
P. hirtipes Toothed, strong 0.08 xX 0.04 1/5 - 1/4 Little 
S. latipes “ - 0.04 X 0.02 wae -_ 
S. tuberosum * - 0.04 XK 0.02 1/6 — 1/4 “ 
S. venustum sis 8 0.04 X 0.02 1/8 - 1/7 * 


Newly emerged females of other species studied had eggs in various stages 
of development and also various amounts of stored nutrient (Table IV). In 
addition females of P. decemarticulatum, S. euryadminiculum, S. croxtoni, 
S. gouldingi, and S. pictipes, examined on emergence, also showed little 
development of the eggs. 


TIME TAKEN FOR OVARIAN DEVELOPMENT IN ADULT FEMALES 


In some instances ovarian development proceeds rapidly even though the 
adult has not had a blood meal after emergence, the nutrient stored in the 
larval stage being used. Females of S. vittatum without a blood meal produced 
mature eggs five days after their emergence in the laboratory agreeing with 
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Cameron (11) and Wu (124). As these were unmated,. the presence of 
spermatozoa in the spermatheca may be unnecessary for ovarian development, 
as was found also for S. damnosum (120). However, mature -eggs ‘were 
produced by only about 1% of the females ofS. vittatum. 

In other species ovarian development took two to three weeks under natural 
conditions in Algonquin Park (22, 60). The detay is caused by species with 
little or no stored nutrient searching. fora blood meal froma suitable host. 
After a blood meal, ovarian development proceeded rapidly... A number of 
engorged females of several species were collected ‘in the spring and early 
summer of 1955 as they emerged from the feathers of domestic. ducks. These 
were kept at room temperature and examined later for maturity of eggs. 
Females of S. euryadminiculum had mature eggs eight days after feeding, 
those of S. croxtoni seven days after, and S. latipes five days after. Females 
of S. rugglesi had mature eggs eight days after feeding naturally on ducks and 
the eggs were half grown in two and one-half days.’ However, the flies of 
these species had been killed for another project and the eggs may have been 
mature a day or more prior to the time of examination. Also the history of 
these flies prior to their feeding on the ducks was unknown. Seven days after 
feeding on ducks, a female of S. parnassum had mature eggs but a female of 
S. venustum showed little egg development. In 1948-1950 a number of the 
females of S. venustum netted away from the stream and induced to feed on 
domestic ducks, geese, crows, and ruffed grouse showed little development of 
the eggs even after maintenance in longevity tubes for three weeks. Most of 
these flies were permitted only an. incomplete meal, however, in order to 
increase longevity (24, 120). It may be that ovarian development in this 
species will proceed only after an uninterrupted engorgement, as was shown 
for S. damnosum by Wanson and Lebied (120). 


NUMBER OF GONOTROPHIC CYCLES 


It has been suggested that two lots of eggs might develop in females of 
S. venustum (63) and of S. arcticum (11). In S. damnosum a second and 
possible third gonotrophic cycle was reported by Wanson and Lebied (120). 
They showed that there were follicles-oef three sizes-and-observed growth in 
all of them after four days. A female black fly may live for several months 
(17, 24), giving ample time for the development of three separate batches of 
eggs, but the number living this long in nature may be small. 

Many ovipositing females of several Ontario species were collected that 
contained one to a few mature eggs as well as many immature eggs of uniform 
size. Females of S. venustum that had oviposited were maintained for over 
a month using sucrose crystals and water (24). Most females showed little 
increase in the size of the eggs of the second follicle, but one, which was induced 
to feed on a duckling and that died four days after capture, showed one 
mature egg and the rest, presumably of the second follicle, between one-half 
to three-fourths developed. At 3.30 p.m. on July 13, 1955, below Lake 
Sasajewun dam, a female of S. venustum landed on the senior author three 
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times but did not attempt to feed. Dissection revealed nectar in the diverti- 
culum and gonads with one old mature egg and many immature eggs. This 
fly, though small, might have laid a second batch of eggs. Some of the 
infrequent females of S. decorum and S. vittatum with blood in their ventriculi 
may have been individuals in their second gonotrophic cycle rather than 
those that developed small larval fat bodies. 


VARIATION IN THE NUMBER AND DIMENSIONS OF EGGS 


All the eggs of one batch mature usually at the same time. The number of 
eggs per female varied among species and among individuals within a species 
(Table III). Most species averaged about 200-500 eggs per female. The 
average of 455 for S. venustum agreed with earlier reports (5, 63, 65) but was 
lower than that reported by Hocking and Pickering (56) from Churchill, 
Manitoba. The number of eggs per female of S. venustum showed no seasonal 
trend during 1947 in Algonquin Park. In S. vittatum the average of 312 was 
close to earlier reports (58, 124), but lower than the 350—450 figure of Knowlton 
and Rowe (68) from Utah. The females of the two species of Gymnopais had 
the low average of 40-50 eggs and recently Davies (26) showed the Norwegian 
P. ursinum to have from 34-91 eggs. On the other hand a female of S. aureum 
contained 823 eggs. 

The size and shape of mature eggs varied in different species (Table III 
and Fig. 6). The egg shell was smooth without external sculpture in all the 
species examined. The dimensions of mature eggs showed little variation 
within a species. The eggs of Gymnopais and Prosimulium are larger than 
those of Cnephia and Simulium, except in S. pictipes, and the eggs of Cnephia 
a little longer than those of Simulium. The eggs of Prosimulium and Cnephia 
tend to be narrower in relation to length than species of the other genera, 
which have eggs of a definitely triangular shape, except in S. parnassum 
(Fig. 6). 


S.PICTIPES G. DICHOPTICUS P. HIRTIPES S.VENUSTUM 
CLATERALD 
S.PARNASSUM C.EREMITES S.VENUSTUM CVENTRALD 


Fic. 6, The eggs of several simuliid species, all but one from lateral view. 








CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 


Oviposition 


Several methods of oviposition have been observed in this family. 

In the genus Prosimulium, Smart (99, 101) inferred that P. hirtipes 
oviposited while flying, because he found its eggs and egg shells singly. This 
method was observed later by Grunin (50). On the other hand Stone and 
Jamnback (105) found P. hirtipes crawling and ovipositing on a network of 
fine roots continually moistened by spray. P. magnum D. & S. may lay its 
eggs freely while flying, as Dr. R. Matheson observed it to lay loose eggs in 
distilled water (28). 

The method of freely dispersing the eggs into the water while in flight has 
been observed for P. hirtipes in Algonquin Park. It was described in 1949 
in an unpublished thesis by Davies (21) as follows: ‘At 3.30-3.45 p.m. on 
May 24, 1947, female flies were seen ovipositing in Smith’s Creek [Algonquin 
Park] in the full sunlight and in a smooth, though rapid, part of the stream. 
They flew rapidly back and forth close to the surface for a distance of 1-2 
yards. They dipped the tip of the abdomen into the water every foot or so, 
as they flew downstream, then returned upstream and repeated the downstream 
flight of oviposition. A group of eggs was probably laid with each dip of 
the abdomen.... Captured females of P. hirtipes began laying eggs on wet 
glass shortly after being placed in a moist 3-dram vial. They scattered the 
eggs over the inside of the vials, seldom more than 50 eggs [usually less] 
being deposited in one place, whereas S. venustum often laid all its eggs in 
one mass.” 

Ovipositing females of P. hirtipes with full-sized eggs were netted from 
May 24 to June 7, 1947, at Smith’s Creek, and one empty female, possibly just 
finished ovipositing, on June 16 (Fig. 2). At Smith’s Creek observations were 


P. DECEMARTICULATUM 
OVIPOSITI 
P.HIRTIPES ° aes 


P. MULTIDENTATUM® FLYING OR 


EMERGING 
Cc. DACOTENSIS 


C. MUTATA 
SLE) AUREUM 
$.CE) EURYADMINICULUM 
SAND VITTATUM 
S.CNDVITTATUM 
$.CS2 DECORUM 
$.CS) PICTIPES 
$.¢S) TUBEROSUM 
$.€S> VENUSTUM 
is 30 30 30 30 30 30 20 
APRIL MAY JUNE JULY AUGUST SEPT. oct. 


Fic. 7. A comparison of the dates over which different species of black flies were 
observed to oviposit. The dates over which they were observed to emerge or fly indicates 
in some cases that oviposition may have occurred over a longer period than observed. 
These observations were made in, or near, Algonquin Park except in two cases (indicated 
by asterisks) that were compiled from observations near Hamilton, Ontario. 
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made from 3 to 5 p.m. under a variety of weather conditions. Oviposition 
took place in full sunlight and in light intensities as low as 50 foot-candles in a 
steady drizzle. Most flies were observed ovipositing when the air temperature 
was 60° F. or more and none when it was 54° F. or less. 

This method was observed at other streams in Algonquin Park from 1940- 
1955, oviposition usually occurring near the outlets from lakes (Fig. 3) or at 
beaver dams. At 2.30 p.m., May 26, 1951, oviposition was observed at 
Costello Creek. Seventy per cent of 184 females netted were P. hirtipes, the 
rest C. mutata. Of each species 64% and 18% respectively had mature eggs 
and some of the others may have oviposited already. The earliest ovipositing 
females of P. hirtipes were collected on May 12, 1949, and in 1955 a few females 
were netted until mid-June but had immature eggs (Fig. 7). 

P. multidentatum was observed laying eggs in the same manner as P. hirtipes 
in the late afternoon of May 13, 1954, in Spencer Creek near Greensville (near 
Hamilton), Ontario. This was a semishaded, swift, mildly turbulent stretch, 
partially sheltered from the wind that was blowing mainly downstream at 
about 10 m.p.h. The flies oviposited while flying down or across the stream. 
Three of 13 females netted over the stream laid eggs in moist 3-dram vials. 
Most of these were laid singly, but one patch of 30-40 eggs, fairly closely 
grouped, was noted. 

Two methods of oviposition have been reported in the genus Cnephia. 
Webster (122) said that eggs of C. pecuaria (Riley) were placed on any object 
in midstream just above the water’s edge. This may be unusual as Bradley 
(7) found no rings of eggs and saw many females flying down and striking the 
water with their abdomens. A single alighted female of C. pecuaria, in a 
container of still water, dropped eggs freely into the water and then crawled 
below the surface to deposit seven more eggs on a stick, after which the insect 
died under water (7). Similarly a female of C. dacotensis scattered 60 eggs on 
the bottom of the container and from five eggs attached to the side, a group 
of 30 were laid in a string hanging down into the water (80). 

Two species of Cnephia in Algonquin Park oviposited while flying. Females 
of C. dacotensis have mature eggs at the end of the pupal stage, mate within 
a few minutes of emergence, and about three hours later begin laying eggs. 
These flies made shorter oviposition flights than the species previously 
discussed. In one instance they flew from a rock in midstream to make one 
or two dips of the abdomen into the water and then back to the same support 
for rest. These flies continued to copulate in 3-dram vials and would oviposit 
if the glass was moistened. Oviposition in this species would occur over the 
same seasonal span as the emergence, because of the short interval between 
oviposition and emergence. In Algonquin Park emergence began as early as 
May 22 and continued to June 27, the longest span in any one year being 16 
days, from June 12 to 27, 1947, at Costello Creek. The median date averaged 
over five years was June 8 (22). Using this median date, the senior author 
revisited Costello Creek on June 7, 1950, and found numbers of this species 
mating and ovipositing. 
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Twenty-one per cent of the ovipositing flies collected at Smith’s Creek 
from May 24 to June 12 were C. mutata, 79% being P. hirtipes. Thus they 
were ovipositing under the same weather pis reported for P. hirtipes. 
Females retained in 3-dram vials laid a few scattered eggs on moist glass. 
From 1947 to 1955, C. mutata was observed to oviposit between May 22 to 
June 3, usually at the same time and place as P. hirtipes but in lesser numbers. 
One was collected as late as August 4, 1947, however, that contained 88 
mature eggs. 

S. aureum is reported to lay eggs on leaves, rocks, and sticks (5, 63, 125). 
In Algonquin Park one dead female with immature eggs was collected as early 
as May 22, 1955, under a moist rock at the water’s edge in the sluiceway of 
Lake Sasajewun. It may have laid all its mature eggs while alighted. 
S. aureum possibly lays eggs also while flying because a few females with 
mature eggs were netted with many females of S. decorum over the spillway 
of the dam (Figs. 3 and 4). Others were netted over the sluiceway and 
rapids below the dam, and at the lip of Marsh’s Falls. Females with mature 
eggs were netted from June 5 to 27 and oviposition may occur from 7.30 a.m. 
to 8.30 p.m. but more often in the evening, as judged by collections. 

Most of the oviposition of S. decorum and S. vittatum observed in the 
summers of 1950, 1951, and 1955 took place at the spillway of Lake Sasajewun 
dam and in the sluiceway under the road (Figs. 3 and 4). The cement 
sluiceway is 35 ft. long, 12 ft. wide, and 10 ft. high (inside), and holds back a 
3-4 ft. depth of water. When water was flowing over the top of the spillway 
the rate of flow through the sluiceway was 3 f.p.s. and the direction from west 
to east. The dam was controlled by four to five wooden drop-logs at the lake 
side. In 1955 a break in the dam about April 12 flushed out most of the 
black flies in the rapids below the sluiceway. It was repaired about May 18 
and gradually the lake refilled. At first the water oozed through the drop-logs 
in little trickles giving moist sites out of the wind for oviposition. A thin 
sheet of water about } in. deep ran through the sluiceway. Water flowed 
over the top of the spillway about May 27, with 2 in. of water now over the 
sluiceway. Water flowed over the drop-logs during most of May and June in 
1955 and intermittently during July and August because of dry weather and 
little rain, but water sprayed through the drop-logs maintaining an almost 
steady flow over the sluiceway. 

Two distinct methods of oviposition were observed in S. decorum. The 
first, probably more primitive and more frequently used, was to drop one or 
more eggs into the water while flying. In the sluiceway the females flying 
upstream close to the moderately turbulent water hit the surface with the 
tip of their abdomens once or twice, releasing one or more eggs. Sometimes 
oviposition took place on cross-flights originating from upstream flights but 
seldom did the insects oviposit on downstream flights. Over the smoothly 
flowing water above the lip of the dam oviposition was nee about equally in 
flies flying up, down, and across the current. 
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At 8.15 p.m. on July 11, a clear, cool, calm night, a. small swarm of 
S. decorum females were flying 12 ft. above the top of the dam, 50 ft. south of 
the spillway. These all contained mature eggs so that this may have been a 
preoviposition flight. On two other occasions, on June 5 and July 4, the 
ovipositing females were observed to congregate in relatively tight swarms 
close to the water in the sluiceway. In each group of 50-100 flies the females 
hovered in small circles for a few minutes and almost simultaneously all broke 
and flew toward the wooden drop-logs over which a solid sheet of water was 
shooting. The flies hit this sheet and most were washed away. Other flies 
hit the smooth water, above the lip of the drop-logs, with their abdomens and 
then shot steeply into the air. After this the females regrouped. Many 
females hit the water again and again presumably dropping their eggs into 
the water. On a later occasion one female hit the water 17 times in about 
one-quarter minute before it was lost to view. Oviposition was observed also 
in the smoothly flowing water above the lip of the dam. Females made 
flights of 2—5 ft. at a height of 1-12 in. from the surface. Usually only one to 
a few eggs were laid but sometimes the females dipped their abdomens into 
the water violently enough to produce a little bubble of air, at which time a 
number of eggs were released as evidenced by a thin “‘smoke’”’ of eggs. These 
eggs sank below the surface and dispersed in the current. Flies collected in 
oviposition flight laid eggs on the moist walls of glass 3-dram vials. That 
pressure on the ventral surface of the tip of the abdomen aids in oviposition 
was demonstrated by sticking a female by the scutum horizontally below a 
support and tapping the abdomen gently from below. At each tap an egg was 
extruded. 

At the same time as females were laying eggs freely into the water, other 
females of S. decorum landed and oviposited out of the wind on the moist 
wooden drop-logs and cement wall where water either oozed or splashed. 
Often water flowed over their tarsi while they oviposited. They oviposited 
also on the lower edge of the downstream lip where the spray parted and on 
twigs in the light spray just below the lip. Many flies crawled into moist 
crevices in the beams and cement to lay their eggs. The female seeking a 
suitable location for egg-laying landed and then probed the surface with the 
forelegs until a suitable area was located. Then the female moved into 
position, spread her hind legs slightly and dipped her abdomen to the surface. 
The female may dip her abdomen 1 to 10 times or more before an egg is laid. 
When the first egg was laid she crept forward just enough to make room for 
the next egg. One egg was laid at a time, successive contiguous eggs being 
deposited to the right, left, or in front of the previous egg. It was noted 
that the eggs were laid usually end to end in a fairly straight, or zigzag, string 
or in an irregular mass. The number laid at one time varied considerably. 
Dead or quiescent females were found on the egg masses or on moist surfaces 
near, usually above, them. Most of these had laid all or most of their eggs 
and appeared to be exhausted, probably soon to die. 
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An unusual site for oviposition was observed on the evening of July 11. 
Females of S. decorum were seen laying eggs on a log 6-10 ft. from the lip of 
the dam, on the lake side. No current was perceptible as water had stopped 
going over the top of the dam. 

In 1950 oviposition of S. decorum was observed from May 26 to August 18 
at Lake Sasajewun dam. In 1955 oviposition in numbers at the dam began 
on May 21, although a few may have oviposited a day or two earlier. On 
May 23, there were approximately 72,000 eggs per sq. in. or 200 million eggs in 
20 sq. ft. on the wooden drop beams and the adjacent cement walls. Consider- 
ing 475 eggs per female as an average, this would mean 42,000 females had laid 
eggs on the beams from May 21 to 2.30 p.m. on May 23. Females netted at 
this time about the beams or collected dead or in a quiescent state from them 
contained immature eggs and usually no mature eggs, but a few contained one 
to four mature eggs. Most had presumably laid their eggs. Females were 
observed ovipositing almost continually until September 4, 1955, and probably 
continued until the end of the month as judged by dead females, eggs, and egg 
shells collected on October 9. Peaks in the oviposition of S. decorum occurred 
from May 21 to 28, June 8 to 10, and June 27 to July 4in 1955. But in 1950 
large numbers were ovipositing at the dam in mid-August. 

S. decorum females containing mature eggs were netted also over open 
rapids and small falls on several streams in Algonquin Park. At the rapids 
600-1200 ft. below Lake Sasajewun dam (Fig. 5) ovipositing flies were netted 
first on May 24, 1955, but in low numbers and not consistently until after 
July 6 when the beavers began a dam of alder saplings. Flies crawled and 
oviposited at the water’s edge on moist rocks, decaying sticks, and fresh 
alder leaves. 

S. decorum was seen to oviposit from 6.00 a.m. to 8.30 p.m. (about dark) 
but may begin a little earlier, at least in mid-June. Often oviposition was 
reduced or ceased during midday, especially at exposed rapids. 

Small swarms of Eusimulium females, presumably in oviposition flight, were 
observed from May 22 to June 10, 1950, usually in the afternoon. Although 
most were S. euryadminiculum, occasional females of S. croxtoni occurred, 
including the specimen on June 10. Various numbers of females up to about 
20 flew in the sunlight 0-3 in. above the sand of minute bays that were 
occasionally washed gently with water. This was on the west edge of the 
North Madawaska River, 1200 ft. below Lake Sasajewun, and was protected 
from the prevailing westerly wind by a steep 12 ft. bank (Fig. 5). Occasionally 
a fly dipped to the surface and a few were seen to crawl on the sand but 
whether eggs were laid was not established. Eggs were not found in a sample 
of sand. The flies of May 22 were probably less than two weeks old, as 
pupae of S. euryadminiculum were found from May 16 to 19. Collections 
contained only females and on May 22 none had mature eggs. The dates of 
collections and the number of females (the percentage with mature eggs in 
parentheses) are as follows: May 23, 38 (0%); May 24, 34 (0%); May 25, 
23 (13%); May 26, 7 (29%); May 30, 6 (83%); June 5, 7 (100%); June 10, 
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1 (100%). S. euryadminiculum was unusually abundant in 1950 as judged by 
flies netted near the lake shore as well as by the ovipositing flies, and this may 
account for oviposition in this species being unobserved in other years. 

S. latipes has been observed to oviposit in the same way as S. euryadmini- 
culum (34). However, Ussing (115) believes that it oviposits under water on 
rocks, and Zahar (125) observed eggs in minute heaped masses on the substrate, 
oviposition in Scotland being as late as October. In Algonquin Park single 
females of S. latipes with immature eggs were netted in the afternoon and 
evenings of May 26, 1955, and one with mature eggs on the evening of June 10, 
all at the site where S. euryadminiculum oviposited in 1950. 

Observations on the oviposition of S. parnassum are lacking but near Lake 
Sasajewun one female with mature eggs was collected on August 14, 1950, 
and captive females developed mature eggs by July 4, 1955. 

Previous workers observed S. pictipes to affix eggs in several layers to 
smooth rocks at the lip of falls by darting through a thin sheet of water and 
out again (15, 44). In the present study at least some females landed 
momentarily on water-splashed rocks to oviposit and several were stuck to 
the egg masses. At Marsh’s Falls (Fig. 1) eggs were first seen and ovipositing 
females were collected at 7.30 p.m. on June 26, 1955. The eggs, estimated 
to be several hours old, were at the top of the falls on a vertical rock face that 
was continually lapped by the water. They were in a mass 2 ft. long by 
2-4 in. in vertical extent but thinning at the edges, and under the eggs were 
many old egg shells. On July 8 from 6.00 to 7.30 p.m. eggs were being laid 
on vertical and steeply sloping, water-splashed rocks that faced the setting 
sun. The patches of eggs varied from 1 in. by 2 in. to 2 in. by 5 in. and each 
patch was composed of several rings, each ring comprising 8-16 eggs. Some of 
the eggs were one to two days old, as they hatched in threedays. Eggs were 
being laid also on the evening of July 10. On August 6 a square-foot patch 
of old eggs was exposed by a drop in water level but no recently laid eggs were 
seen. At noon on October 9 although no adults were observed a number of 
rings of eggs and egg shells were seen on the vertical rock face. A sample of 
eggs failed to hatch but one preserved at the time of collection showed an 
almost fully-developed larva. This meant that at least some eggs were laid 
as late as October 2-3; also the abundance of second to fourth stage larvae in 
the river indicated that many eggs were laid in mid-September. 

Rubtzov (91) stated that in Russia S. tuberosum laid eggs in clusters as 
S. venustum does. However, in Algonquin Park S. tuberosum has yet to be 
observed laying eggs on solid surfaces. A few females of S. tuberosum, their 
abdomens filled with mature eggs, were taken on August 17, 1950, and from 
May 26-July 21, 1951, at Lake Sasajewun dam with numbers of S. decorum. 
In 1955 scattered females of this species distended with mature eggs were 
netted from May 28 to July 22 over the spillway and sluiceway at Lake 
Sasajewun dam among numbers of S. decorum and S. vittatum. The above 
observations suggest that S. tuberosum in Ontario probably more frequently 
lays eggs freely into the water while flying. 
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Although oviposition of S. venustum and S. vittatum has been reported by 
previous workers (5, 28, 56, 63, 124), the present observations include new 
information on the behavior of ovipositing flies, on the seasonal and diurnal 
variation in oviposition, and on the effect of environmental factors on 
oviposition. 

S. venustum lays its eggs in mats, often several layers deep, on vegetation 
at, or just below, the water surface. This species appears to be specific in its 
choice of surface, laying its eggs exclusively on vegetation, most frequently on 
trailing leaves of cattail (Typha latifolia L.), reed meadow grass (Glyceria 
grandis Wats.), bur reed (Sparganium sp.) or eelgrass (Vallisneria spiralis L.). 
They oviposited also on dicotyledonous leaves such as alder (Alnus rugosa 
Spreng.), meadow rue (Thalictrum polygamum Muhl.), and Spirea latifolia 
Borkh. They favored smooth. or glabrous green surfaces. As the eggs are 
laid at the edge of the leaf, the water creeps over the hydrophilic mass and the 
leaf and eggs are gradually submerged. S. venustum oviposited sometimes on 
the vertical leaves and stems of cattail, rushes, bur reed, and other plants with 
similar smooth surfaces. Occasionally when other sites were lacking they laid 
their eggs on mats of filamentous green algae that protruded just above the 
water surface. Both the oviposition on vertical leaves and on algal mats 
occurred first on July 9, 1947, when oviposition was climbing to its seasonal 
peak. But in no case were they observed to oviposit on wood or stone. It 
may be that they will lay eggs freely into the water while flying if vegetation 
is lacking, because a few females filled with mature eggs were netted over the 
sluiceway of Lake Sasajewun dam with females of S. decorum and S. vittatum. 


Often 10-20 females of S. venustum oviposited close together on trailing 
vegetation. Flies hovered 1-2 in. above the leaf before landing, after which 
they crawled around before settling down to lay eggs. Palpating the surface 
rapidly with their forelegs, they took up a position usually at the extreme tip 
of the leaf with the genitalia touching the water. Some females backed part 
way down the leaf to the water’s edge whereas others crawled forward and then 
turned around. A fly often laid most of its eggs in one spot and even if 
disturbed often re-alighted and continued to oviposit in the same place. 
Some individuals of S. venustum were seen with the water lapping over them 
and others even crawled beneath the water to lay eggs on the underside of the 
leaf. Sometimes females became stuck in the egg matrix and died. In this 
species the eggs were laid singly and usually on their sides. Each egg was 
placed carefully beside the previous egg until a row was formed. Then, a 
new row was begun: next to the old. The process was not always as regular 
but eggs were always laid in a mat. When first laid, eggs were white and 
translucent, and embedded in a transparent matrix. They became a darker 
brown with age and shortly before hatching paired eye spots could be seen on 
each side of the larval head capsule. 


Females of S. venustum were captured with a suction apparatus (23) during 
egg-laying and placed in 3-dram vials. If the vial was dry, no eggs would be 
laid, but if a small drop of water was introduced, the flies crowded around and 
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oviposited at its edge. In this way flies were observed ovipositing under the 
microscope. The tip of the abdomen probed around until a spot between, or 
next to, other eggs was found; then an egg was laid. This process was rapid, 
a maximum of one egg per second being laid for short periods. One fly laid 
300 eggs in one-half hour. , 

The annual and seasonal variation in the number of females of S. venustum 
ovipositing in 1946 and 1947 was discussed by Davies (22). Oviposition of 
S. venustum was observed from June 6 to August 22, 1947, and as early as 
May 21, 1949, June 5, 1950, and June 6, 1952, at Costello Creek. On the 
North Madawaska River at Lake Sasajewun dam the earliest oviposition was 
seen on May 22, 1949, and June 9, 1950. 

In 1955, females of S. venustum with immature eggs were first netted on 
May 12. On May 21, 1955, at 2.00 p.m., females of S. venustum with a few 
mature eggs remaining in the ovaries were netted about humans at the rapids 
of the North Madawaska River just above Lake Sasajewun. Newly hatched 
larvae were found on samples of eggs collected from trailing reeds at the edge 
of the rapids. This indicates that oviposition occurred as early as May 15 
or 16, as the water temperature was about 60° F. during this period. At 
Lake Sasajewun dam on May 21 a sweep around humans yielded one femalé 
full of mature eggs among 900 females. of this species. A few females were 
netted infrequently with numbers of S. decorum and S. vittatum. over the 
spillway and in the sluiceway from this date until July 1. Females of 
S. venustum with mature eggs were netted in a short series of riffles, 600 ft: 
below the dam, first on May 23 and sporadically until June 5. Oviposition on 
the trailing grasses and reeds in riffles 1200 ft. below the dam was observed 
almost nightly from May 28 to August 4, 1955, and eggs of this species were 
collected on August 7, September 4, and October 9 (Fig. 5). Also a female 
with mature eggs was netted at the same placeon September 4. 

In 1946 with a small ovipositing population, at Costello Creek, oviposition 
of S. venustum was observed only in the evening from 6.00 to 8.30 p.m. In 1947 
the population was larger and flies oviposited in the early morning and during 
dark cloudy periods at any time during the day, although most oviposited 
between 6.00 and 8.30 p.m. as in 1946. In 1955 on the North Madawaska 
River oviposition occurred usually in the evening from 6.00 to 8.45 p.m: 
although females with mature eggs were netted occasionally in the mornings 
and afternoons at Lake Sasajewun dam. 

In 1946 oviposition of S. venustum occurred between 0—1500 ft-c. as measured 
by a Weston ‘‘Master’’ Exposure meter (Model 715) held 2 in. from a white 
enamelled plate. In 1947, with fewer light records, oviposition occurred 
between 2.5 and 1000 ft-c. with no oviposition in light intensities over 3000 ft-c: 
In several instances females’ that were ovipositing on a shaded grass blade 
trailing in the water flew away shortly after the light from the setting sun 
fellon the blade. In 1947 the greatest number of eggs was laid during days on 
which showers, thundershowers, or even thunderhead (cumulonimbus) clouds 
occurred. Oviposition began often 10-15 min. before the storm reached the 
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stream. Flies appear to be stimulated to oviposit by changes in weather 
conditions. Changes in atmospheric pressure are more rapid during times of 
heavy cumulus and cumulonimbus clouds, and pressure change, particularly 
when the pressure is falling, may be the important factor. However, rapid 
changes in temperature, saturation deficiency, and light intensity occur also 
at these times and may exert their influence as well. Oviposition took place 
from 53° to 81° F. and there was little relation between the number of flies 
ovipositing and the air temperature within this range. On three nights of 
greatest oviposition the temperature was between 65° and 70°F. More 
Oviposition occurred on evenings of little or no wind. 

S. vittatum oviposited in two ways similar to those described for S. decorum. 
On the evening of June 8, 1955, the vast majority of the females observed 
dropped their eggs freely into the water over the floor of the sluiceway near 
the downstream end. They would fly facing the current and drop to touch 
their abdomen to the water surface, then climb steeply into the air to repeat 
the process. The large proportion ovipositing while in flight may be related 
to the oviposition at Lake Sasajewun dam reaching its seasonal peak on this 
evening, 1000 females being taken inside the sluiceway in 20 sweeps of the 
insect net. Oviposition reached a maximum for the evening at 7.30 p.m. 


Although, when in large numbers, S. vitiatum will lay its eggs freely into the 
water while flying, it appears to prefer to affix its eggs to a solid surface, trailing 
reeds, when available, being preferred over rocks, cement, or wood. At the 
dam where vegetation was lacking, females laid their eggs on the wet cement 
walls within the sluiceway at the water surface (Fig. 3). Practically all the 
eggs were laid on the north wall of the sluiceway possibly because this side 
received indirect evening light for a longer time. On June 8, 1955, at 6.30 
p.m. a number of egg patches had been laid along 9 ft. of wall. One patch 
midway along the wall was 7 in. long and 1 in. wide and } in. deep. By 8.15 
p.m. the same egg patch had been increased in size to 7} in. long and 23 in. 
wide and a little more in depth. Approximately half of this and of the other 
egg masses were above the surface of the water and kept moist by the surging 
action of the water, while the other half was submerged. 


Many of the females laying eggs on the walls would land just above the 
water surface with their heads away from the water, turn around, and crawl 
down diagonally into the water facing into the current. Those that were not 
washed away by the fast water (3 f.p.s.) continued until a suitable site for 
Oviposition was found but seldom more than an inch below the surface. The 
females now slowly turned around until their heads pointed upward. They 
then proceeded to dip their abdomens to the cement surface to deposit their 
eggs. They laid their eggs in irregular criss-crossing strings much as did 
S. decorum. Rarely did flies remain submerged more than 90 sec., most being 
washed away between 10 and 30 sec. Many became stuck to their egg masses 
and were drowned. Some succeeded in laying their eggs and crawled out of 
the water to a few inches.above the surface. Here they remained in apparent 
exhaustion among others that had laid eggs above the water surface. Large 
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numbers of dead and moldy flies were found along the wall and on dissection 
most were found to have laid all, or most, of their eggs. 

On the evening of June 14, 1955, many S. vittatum were laying eggs on logs 
and twigs floating in Lake Sasajewun above the dam. These sites were 1-15 
ft. from the shore in the protection of a 10 ft. bank. There was scarcely any 
wind. Most oviposition occurred on two long floating logs 15 ft. out in the 
lake directly in front of the spillway, and gradually decreased to a few females 
ovipositing 50 ft. from the spillway around the south side of the lake and to one 
female ovipositing on a log 100 ft. from the spillway around the north side. 
There was little or no current about these logs. Water flow was maintained 
over the sluiceway by water spraying through the drop-logs. Even though 
there was this unusual oviposition by S. vittatum in the lake, sweeps taken at 
the entrance and exit of the spillway yielded about the same number of this 
species as was found a few days before and after. On the other hand at 8.30 
p.m. S. decorum females in flight outnumbered S. vittatum females 582 : 4 at 
the entrance of the spillway. On June 20, eggs were collected from the logs 
out from the spillway and 30 ft. around the shore from it. These had all 
hatched with some living and a few dead first stage larvae attached to them. 
About one in 100 to 200 eggs were white and unhatched, possibly infertile; 
these were often in little groups. The eggs had incubated in the lake for five 
days at temperatures averaging 73° F. (63°-80° F.). June 14 appeared to be 
the only evening on which S. vittatum laid eggs in the lake. 

Many S. vittatum with mature eggs were netted in flight 100, 600, and 1200 
ft. downstream from the dam over the rapids where bur reeds trailed into the 
water. Also at the lower series of riffles females were taken as they oviposited 
on the leaves of bur reed. 

Although females with immature eggs were netted as early as May 3, 1955, 
the beginning of oviposition may have been over two weeks later. On May 22 
collections of dead, moldy S. vittatum females with mature eggs were taken 
above the water surface from the sides of rocks and logs in the sluiceway. 
These had been ovipositing at least a day or two previously. Oviposition in 
Algonquin Park continued to August 20 as judged by observations from 1947 
to 1955. In 1955 at Lake Sasajewun dam it continued at much reduced rate 
after the peak of June 8. In Spencer Creek near Hamilton, oviposition was 
observed from June 10 to August 10 but on September 29, 1955, eggs were 
collected that began to hatch on October 3. In the laboratory of McMaster 
University, egg-laying of S. vittatum occurred on September 4, 1954, on grasses 
trailing in water that was agitated by air bubbles. 


Discussion and Conclusions 


Mating of black flies in general may occur at any time between emergence 
and oviposition. In at least some species mating can occur minutes after 
emergence at the water’s edge without a mating flight. It must occur then, 
or only a few hours after, in species, such as C. dacotensis and others, that 
have fully developed eggs on emergence and oviposit within a few hours. 
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Attempts to stimulate mating in simuliid males by producing -the frequency 
of the female wing-beat with an audio-oscillator and speaker were unsuccessful. 
Also the simuliid males lack the long antennal hairs characteristic of the 
culicid, chironomid, and ceratatopogonid males. It is probable therefore that 
the auditory stimulus is unimportant in the mating of black flies. 

The observed swarms of black flies that were not aggregating around a 
prospective host were usually composed of males, except in the case of females 
in Oviposition or preoviposition flights. This may be because males usually 
fly lower than females as was reported also by Cameron (11). The reason for 
this may be linked with the large upper ommatidia of the male compound eye. 
It has been suggested (20) that the large upper ommatidia are for long range 
vision, the small lower ommatidia being more sensitive to paler light from 
nearby objects. However the reverse might fit the observations better. In 
species with a mating flight, male upper facets are greater in size and number 
than those in C. dacotensis, which mates without flying, and male lower facets 
are only greater in number. Thus in most species the proportion of the male 
eye covered by large facets is much greater than it is in C. dacotensis. The 
increase in the size of upper facets when accompanied by an increase in the 
size of the compound eye allows for a brighter image with little loss in 
definition. In all species the diameter of male lower facets approximated that 
of female facets and these small facets may perform similar functions in both 
sexes. The large male upper ommatidia may be stimulated by small objects, 
such as female flies, at close range and above and in front of them. Thus 
possibly only when females fly up and enter a male swarm do they attract 
males. When contact is made then coupling ensues. 

Flying in swarms may be a mating stimulus to males of many species and 
involve initial visual perception of the females. However in these species 
it is probable that mating can also occur whenever the sexes meet. while 
crawling, the stimulus being largely tactile. The latter is the common way 
of mating in species having mature eggs in newly emerged females and a short 
interval between emergence and oviposition. The unusual sex ratio of three 
males to one female in C. dacotensis (22) may be related to the short life of 
the female. 

In species with a longer interval between emergence and oviposition, mating 
was observed on a support shortly after emergence, both in this study and 
previously (56). There are reports of coupling occurring when the female is 
feeding on blood (81) and it may occur when both sexes are feeding on nectar 
in the same flower, as has been found in ceratopogonids (30). In the present 
study mating occurred also just before oviposition. These various possibilities 
increase the chances of fertilization of the eggs. The fertility of the eggs is 
high as judged by observations made in Ontario. 

The number of individuals participating in a mating flight is dependent on 
the total population of flies in the vicinity as well as on the meteorological 
conditions. Some species may be more sensitive than others to high evapora- 
tion rate, low temperature or the mechanical effect of wind, and under these 
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conditions may remain on a support or settle readily. Mating swarms have 
been observed mainly in the late afternoon.or evening but near falls producing 
fine spray the time of day was less important.- In one species, mating swarms 
were more common in moist warm conditions just before or during a gentle 
rain (11). In this study mating flights occurred at about 70° F. and in a calm 
or a light wind. In one case an increase in wind over 15 m.p.h. dispersed a 
male swarm. The active flying of males of S. pictipes at Marsh’s Falls and of 
Prosimulium spp. and S. vittatum at Webster’s Falls in the full sunlight in the 
middle of the day may have been made possible by the continual spray or 
moisture that filled the air although elsewhere high evaporation rate, a 
resultant of insolation, high saturation deficiency, and moderate wind would 
probably have been injurious to these flies. 

Some workers considered that mating preceded feeding (8, 125). In 
Ontario S. venustum was seen to crawl on the observer and not to feed during 
the first few days of its appearance. Unmated S. venustum females can be 
induced to take only small amounts of blood within one day of emergence. It 
may be therefore that mating is a stimulus to blood sucking in this and other 
species. Many females of S. decorum have stored nutrients and do not suck 
blood, and in this species mating occurred in some cases just before oviposition. 

In some species nutrients stored during the larval stage allow complete 
development of one batch of eggs during the pupal or adult stage without 
additional adult feeding on blood. In certain species this is accompanied by 
weak, untoothed female mouth parts, unsuited for piercing the vertebrate 
skin. In other species certain individuals may be unable to develop a large 
enough larval fat body to provide for full development of the first batch of 
eggs or for subsequent batches and the females must obtain blood. It is 
suspected that in some locations larvae of certain species can not accumulate 
a store of nutrient because of lack of sufficient food* or because of high energy 
requirements for the collection of non-planktonic food or for maintaining 
themselves in a suitable habitat, whereas in other locations larvae of the same 
species may be able to accumulate a nutrient store. This may explain, in 
part at least, the difference in the blood-sucking habits of certain species in 
different parts of the continent and at different altitudes. 

Other species in Ontario nearly always sucked blood, and newly emerged 
females of these had little stored nutrient so that ovarian development was 
reduced or halted until nutrient, usually blood, was ingested. 

The host specificity varies in different species, the variation resulting from 
more than one factor. More work is needed to clarify the picture, especially 
in species attacking mammals. A summary of hosts with which different 
species were associated is present in Table I. In Table II are presented the 
percentages of the various species associated with certain hosts and also the 
composition of the emergent and flying populations from which the attracted 
flies were more or less derived. Some species were completely ornithophilic in 


*Since this paper was written, a publication by I. A. Rubtzov uas received reporting similar 
findings for Russian species (Trudi Zoologischeskogo Instituto Academie Nauk SSSR 21 : 353- 


364. 1955. In Russian). 
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Algonquin Park, and elsewhere other species were reported as ornithophilic 
(31, 38, 53, 66, 67, 97, 112, 113, 114). Although certain mammaliophilic 
species, such as P. hirtipes, S. decorum, S. parnassum, S. venustum, and 
S. vittatum, were induced to feed on domestic ducks and other birds, only 
S. venustum was observed to feed naturally on birds and then it attacked 
seminaked nestlings or the head and neck of adults. The others are capable 
of feeding naturally on birds but have yet to be observed doing it. Some 
mammaliophilic species confine their feeding mainly to large ruminants, e.g., 
C. mutata on deer in Algonquin Park, and it has been suggested that this may 
be a preference based on the size of the animal (53). Other species were less 
selective, e.g., S. venustum, feeding on large and small mammals, including 
humans, as well as birds. Of all the species, S. venustum, P. hirtipes, 
S. parnassum, and S. decorum, in that order, caused the severest annoyance 
to humans in Algonquin Park. 

The distance of the animal from the water may have a bearing on the host 
specificity of certain simuliid species. S. euryadminiculum, S. croxtoni, and 
S. rugglesi were taken seldom more than a few feet from the water and therefore 
may feed mainly on shore birds or water birds. S. latipes was less confined 
to the water and may attack other birds as readily. None of the mammalio- 
philic species, however, appeared to be restricted to the environs of water. 

Early in the season black fly bites were accompanied by more bleeding 
than they were later. This may be the result of the initial accumulation of 
salivary fluid in the oesophageal diverticulum (118) and thus the entrance of 
more anticoagulant into the wound. A female of S. venustum moved 
rhythmically at the beginning of a feeding in such a way as to press on the 
diverticulum presumably to express the stored salivary fluid. Later in the 
feeding this motion ceased but the ventriculus by this time was swelling with 
blood and exerting an increasing pressure on the diverticulum. If bloodsucking 
is delayed the salivary fluid in the diverticulum may be diluted or replaced by 
nectar, and also after a blood meal it would take time to replenish the salivary 
fluid expended. Thus after feeding on water or nectar, or after an initial 
blood meal, the female might cause less bleeding than when it had a full 
complement of salivary fluid. The decreasing effect of black fly bites on the 
host as the season progressed may be at times the result of less salivary fluid, 
thus less of toxins and irritants, being injected into the wound by black flies 
feeding later in the season, although the development of immunity in the host 
may be more important: 

The rate of development of eggs in the ovary presumably depended on the 
amount of nutrient available and also on temperature. In several species 
whose females contained stored nutrient, ovarian development was completed 
at room temperature in five to seven days after emergence of the females. 
In species without stored nutrient, however, it might be delayed two to three 
weeks, if a blood meal was difficult to obtain either through a scarcity of hosts 
or because of meteorological factors inhibiting flying, landing, or feeding (23). 
After an uninterrupted blood meal, ovarian development was completed in 
five to eight days. 
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The females of S. venustum which were netted away from the stream and 
fed on birds showed irregular development of eggs even after maintenance in 
the laboratory for three weeks. Some that showed mature eggs early might 
have fed before capture. But the limited egg development of others may 
indicate that this species has difficulty in digesting and utilizing avian blood 
and it would be interesting to observe the rate of egg development after such 
flies had fed on mammalian blood. Fallis (37) indicated that S. rugglesi 
appeared to digest avian blood more readily than S. venustum as judged by the 
amount of coagulation and the rate of clearance of the ventriculus. However, 
it may be that the irregularity in ovarian development in S. venustum was the 
result of removing flies from the bird before they had completed their blood 
meal, because it has been found that in S. damnosum an uninterrupted 
engorgement was necessary for the complete development of the eggs 
(118, 120). 

A number of species are univoltine (111, 22, 102) and those with mature 
eggs in newly emerged females appear to hav2 but one gonotrophic cycle, e.g., 
Gymnopais spp., C. dacotensis, and C. eremites. At least some species with two 
or more generations yearly have potentially more than one gonotrophic cycle, 
e.g., S. venustum, S. decorum, and S. parnassum. However, usually few 
females survive long enough in Algonquin Park to complete two gonotrophic 
cycles and only occasional females long enough to complete three. The 
chances of two to three cycles would be increased if the weather conditions 
were favorable for long survival and if enough suitable hosts were available 
for the flies. 

The primitive genera Prosimulium and Cnephia oviposit usually by tapping 
the abdomen to the water’s surface and freely dropping one or more eggs at a 
time while in flight. However, some members of these genera will settle at 
times to lay their eggs on solid surfaces (105, 122). It may be that too strong 
a wind, too high a saturation deficiency of the air, or the lack of a long enough 
smooth stretch of water travelling. at sufficient speed, factors taken either 
separately or together, curtail oviposition flights. The dropping of eggs into 
the water while the insect was flying was common also among certain species 
of the genus Simulium in Ontario and elsewhere (39, 116) but it is probable 
that this method is used over a narrower range of conditions than in the 
genera mentioned previously. A slightly different behavior was observed 
in S. euryadminiculum, S. pictipes (15) (44), and others (18, 19). The insect 
hovered over a solid surface that was moist or covered only by a thin, moving 
sheet of water, tapped the abdomen briefly through the water to the surface, 
and deposited one or more eggs. This behavior may occur over rock, sand, or 
vegetation. Under certain conditions some, if not all, species, that oviposit 
while flying, will also settle at the water’s edge and affix eggs to a solid, wet 
surface and others usually oviposit when settled. Some species that land to 
oviposit lay eggs on a variety of materials whereas others are more restricted. 
S. decorum laid eggs on water-sprayed wood, cement, or vegetation in spots 
well protected from the wind, dryness, and sunlight, or even from strong 
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indirect light. S. pictipes oviposited on water-lapped, nearly: vertical, smooth 
rock faces out of the wind, but more in the light than the surfaces on which 
S. decorum oviposited. S. pictipes and S. decorum tended to oviposit at the 
top of rapids, falls, or beaver and man-made dams. SS. vittatum showed a 
preference for trailing vegetation although it laid eggs freely on water-lapped 
wood, cement, or stone when vegetation was lacking and even freely into the 
water while flying. It was observed at times to crawl an inch under water to 
oviposit and other species have been reported to oviposit 1-12 in. below the 
water surface (9, 34, 40), a behavior more common in slower streams (48). 
Of the species studied S. venustum appeared to be the most specialized, laying 
eggs exclusively on green, usually glabrous, vegetation, although in the absence 
of vegetation a few may deposit eggs into the water while in flight. It is yet 
to be shown whether color is important in the selection of a site for oviposition 
in this and other species. 

Thus the black flies studied exhibit an evolutionary tendency in oviposition 
from freely dropping eggs into the water while in flight (e.g., genera 
Prosimulium and Cnephia), to hovering and ovipositing through a thin film 
of water that covers sand, rock, or vegetation (e.g., subgenus Eusimulium and 
S. pictipes) and finally often, or usually, settling and ovipositing on water- 
lapped surfaces or surfaces at the water’s edge (e.g., S. vittatum and many 
species of the subgenus Simulium). 

Oviposition of simuliids was observed as early as May 13 near Hamilton and 
May 15 in Algonquin Park but in many species it may have occurred earlier, 
because adults of some species were observed emerging and flying in April or 
early May (Fig. 7). In all species except S. pictipes oviposition was observed 
first in May. Oviposition ended by June 30 in species of the genera 
Prosimulium and Cnephia and subgenus Eusimulium, species that are 
univoltine except for S. aureum that may have laid eggs in low: numbers 
throughout the summer. The other species of the genus Simulium laid eggs 
until late August at least and some into October. 

Meteorological factors affected oviposition -as they did the other activities 
of black flies discussed by Davies (23). Oviposition in S. venustum-+ was 
stimulated by changes in atmospheric pressure, especially the rapid changes 
occurring in showery weather. Black flies continued to oviposit through a 
gentle fine rain but large raindrops reduced or halted oviposition. P. hirtipes 
tended to oviposit at lower temperatures than S. venustum. Oviposition of 
S. venustum, S. vittatum, and S. decorum was curtailed by low temperature and 
moderate winds and by full sunlight falling directly on the females. The 
covered sluiceway in which much of the oviposition of the last two species was 
observed was protected however from the extremes of temperature, saturation 
deficiency, and light and, for those females ovipositing on the downstream face 
of the spillway, also from strong winds. 

In conclusion it can be said that groups of simuliid species and often single 
species displayed characteristic behavior in their activities and with this, 
certain morphological features were frequently associated. Some species that 
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usually mated or oviposited in a certain way adopted a different method under 
unusual environmental conditions. Whether the adult female of a certain 
species will feed on the blood of vertebrates or not may depend on the 
nutrition of the larva and thus we should be aware of conditions affecting the 
immature stages. Further study is needed to elucidate the influence of 
environmental factors on the method and extent of adult activities, such as 
mating, feeding, and oviposition. Also more research should be done on the 
nutritional requirements of larvae and adult females as related to ovarian 


development. 
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REVISION OF THE GENUS FORCIPOMYIA BASED ON 
CHARACTERS OF ALL STAGES (DIPTERA, 
CERATOPOGONIDAE) ! 


By L. G. SAUNDERS? 


Abstract 


Systematists have experienced difficulty in splitting the large genus 
Forcipomyia into manageable groups on adult characters. The early stages in 
conjunction with the adults furnish a sound basis on which eight subgenera are 
established with description of 19 species, 17 of which are new. 


Introduction 


Forcipomyia is a very large genus in the subfamily Forcipomyinae of the 
family Ceratopogonidae (Heleidae), the biting midges. It occurs in all 
countries where serious collecting has been done, and undoubtedly many more 
species remain to be discovered. The present paper is designed to form a 
framework into which new species may be fitted and to which new subgenera 
may be added as they are established. 

The adults of the genus as a whole are clearly separated from related genera 
by the relatively dense clothing of macrotrichia on the wings, the costa 
reaching to the middle of the wing or beyond, with short second radial cell 
(Fig. 1, A and B). Various attempts have been made to divide the genus, 
by splitting off new genera or by ‘reating lettered groups, always using adult 
characters (with the exception of my own paper (26)). Thus Kieffer (14) 
erected the genus Apelma for the inclusion of two species of which he had 
males only, using the absence of empodia between the claws as the principal 
character. Subsequent rearing of Brazilian species revealed empodia present 
in the female (26). Malloch (23) created Euforcipomyia for two American 
species, having females only; he used the ratio of the first to the second hind 
tarsal segments (tarsal ratio, in descriptions abbreviated to T.R.). Apelma 
also has the long metatarsus, and Edwards (6) united Euforcipomyia and 
A pelma on this basis; later (7) he suppressed both genera in favor of a group D 
under Forcipomyia. He included here my genus Thyridomyia and would 
have appended four other groups described below had they been known to 
him. His division of Forcipomyia into groups A, B, C, and D is inadequate 
because the tarsal ratios can be arranged to form a perfectly smooth curve 
if enough species are used. While the groups as shown by larval characters 
are roughly assembled by this method, no arbitrary division will separate 
them since their tarsal ratios overlap. Moreover, Edwards’ separation of 
groups A and B solely by tarsal ratio is not justified by larval or pupal 
characters. 


1Manuscript received July 12, 1956. 
Contribution from the Department of Biology, University of Saskatchewan, Saskatoon, 


Saskatchewan. 
2Professor of Biology, University of Saskatchewan, Saskatoon, Sask. 
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Edwards’ lettered groups have not been adopted by subsequent workers. 
Mayer (24) regarded Apelma as a subgenus and much later Wirth (32) 
recognized Malloch’s Euforcipomyia and my Thyridomyia as valid subgenera, 
so it is this system which is followed and extended in the present paper. 


The Early Stages 


The adult characters of taxonomic group value are limited to the male 
genitalia, the tarsal ratio, and female antennae; the wing venation, the 
spermathecae, and a few other minor features may only be corroborative. 
The early stages, on the other hand, present an infinite variety in the nature 
and arrangement of setae, cauda, pseudopods, head characters, pupal 
respiratory horn, and cuticular processes. Judged by these features the 
species whose early stages are known to date fall into distinct groups. I have 
no hesitation in establishing a subgenus for a single species if the characters 
warrant it, being confident that more extensive and thorough collecting will 
bring to light others of the group, as also new subgenera. There isa fascinating 
field here for anyone who will search his locality intensively, and large areas 
of the world are as yet untouched except for some desultory collecting of 
adults. The larvae feed chiefly on mold spores and hyphae and so occur in 
moist situations such as rotting wood and bark, hollow roots and stems of 
dead plants, under horse and cow dung, in tree holes and the sap of tree 
wounds, in or above the water held in the leaf axils of plants, and in moss 
growing on wood, rocks, or soil. 

Slices of the substrate bearing larvae are best removed in a 1 in. X 3 in. 
rearing vial where they will continue their development, pupate, and emerge. 
In the autumn, larvae sometimes refuse to pupate even though there may be 
another month of warm weather tocome. This indicates their determination 
to hibernate and accordingly vials containing such specimens are buried outside 
in a container. When brought back in the spring, they promptly pupate 
and emerge. Larvae should be killed in hot water to force out pseudopods 


and blood gills. 
Affinites 


Altrichopogon.—The other large genus in the subfamily Forcipomyinae is 
Atrichopogon (including Kempia, Psilokempia, and Gymnohelea) whose adults 
are readily distinguished by the long second radial cell reaching two-thirds 
or more of the wing length and by the absence or great reduction of the 
macrotrichia on the wings. The larvae are terrestrial or semiaquatic in 
habitat and some may be mistaken for Forcipomyia although most are flattened 
and extended laterally by segmental projections; the antennae are often 
situated on prominent head tubercles. Unfortunately, these characters 
are not consistent throughout the genus, the larvae exhibiting far greater 
variation than those of Forcipomyia, so that I can at present give no reliable 
distinguishing character applicable to all known species. Much the same 
must be said of the pupae: they retain the larval skin on the last three 
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abdominal segments and they are usually but not invariably very spiny. 
The prothoracic horns show great variety of form and arrangement of 
spiracular papillae, but some approach Forcipomyia very closely. The only 
dependable procedure is to keep pupae until adults emerge. 

Lasiohelea.—On the basis of adult characters, Lasiohelea might well be 
classed as a bloodsucking subgenus of Forcipomyia, the male genitalia being 
much like those of the subgenus Proforcipomyia, with a complicated aedeagus 
and the spiny pupa retaining the larval skin. But Lane’s (15) figure and 
description of Lasiohelea stylifer Lutz show such a different larva that the 
group must retain its generic status. 

Pterobosca.—Exceptional development of the claws distinguishes the females, 
which have always been taken on the wings of other insects. No males or 
early stages are known, but it seems probable that when they are found no 
change from the full genus will be justified. 


Genus Forcipomyia Meigen 


The following diagnosis is taken from Wirth’s ‘‘Heleidae of California” 
(32) and is closely similar to Edwards’ diagnosis of 1926. The passages in 
italics are modifications made necessary by the inclusion of some new species 
described below. 

Diagnosis—Body short, stout, and very hairy. Eyes bare. Antennae 
15-segmented, in female with segments 3-10 pyriform to vasiform, with dense 
verticils, segments 11-15 usually cylindrical with less dense verticils, often 
elongate; in male with segments 11-14 swollen at base, segment 12 very long, 
segments 12-15 with a single verticil on each segment. Mesonotum without 
humeral pits, with dense hairs, and with scattered longer bristles. Abdomen 
and legs with long bristles, especially in male, including bristles on tarsi as 
well; femora rather stout; empodium present, usually as long as claws (absent 
in Apelma, now Trichohelea). Wings broad; surface with dense appressed 
macrotrichiae and fine microtrichiae; costa to middle of wing or beyond; first 
radial cell narrow and almost or completely obliterated, second small but 
distinct, tip of R4,s nearly always curved up to costa and not sharply angled; 
an intercalary fork in cell R;; cross vein r-m very oblique; median fork with 
very short stem, usually faint; cubital fork at about level of tip of costa; 
alula short but fringed; squama with a tuft of hair. Male genitalia not 
inverted; aedeagus usually shield-shaped; parameres usually present, slender 
and tapering, often fused at base or connected by transverse rod or plate. 


Subgenera of Forcipomyia Based on Characters of All Stages 


SUBGENUS Forcipomyia Ss. STR. 


Diagnosis —T.R. 0.5-1.33. Segments 3-10 of female antenna flask- 
shaped, never compressed, with two hyaline sensory hairs; segment 11 as 
long as 10 or longer. Wings densely clothed with macrotrichia; costa never 
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beyond middle of wing; 2nd radial cell short. Parameres always present in 
male genitalia, variable in form, joined broadly or narrowly at base, attached 
to diagonal basistylar apodemes. Spermathecae two. 

Larva.—Elongate, cylindrical, segmentally constricted, with numerous 
body chaetae rarely long; a dorsal pair frequently spear-shaped, hygroscopic. 
Head hypognathous, profile smoothly rounded. Prothoracic pseudopod 
medially divided, a crown of hooklets on each half (this divided condition 
not found in any other subgenus). Anal pseudopod a transverse ridge 
bearing two rows of hooklets; rarely divided into two lobes, each hook-crowned. 
Anal blood gills two, each bluntly bilobed; outer lobe sometimes almost lost. 

Pupa.—With varying number of spines and cuticular processes; retaining 
larval exuviae on last 3-5 segments. Prothoracic horns with variable length 
of stalk, knob more or less swollen, with row of spiracular papillae curving 
over it. Male processes dorsal on last abdominal segment. 


Edwards (7) regarded bipunctata L. as the type “ies of the genus as a 
whole and it therefore automatically becomes ti of the subgenus 
Forcipomyia. Unfortunately European workers have zreed on the proper 


species to bear Linnaeus’s name, but this is discussed and resolved by Edwards. 
The species is common in Europe and North America; it has recently been 
redescribed and figured by Wirth (32) and its early stages were treated 
exhaustively by the present author (25). 

Instead of repeating the description of the oft-described type, another 
species F. (Forcipomyia) raleighi Macfie (18), originally described from adults 
only from St. Augustine, Trinidad, B.W.I., is presented as an example. 
There is nothing very distinctive about this species, which makes it a good 
representative of the subgenus. In the present work the adults were figured 
and described before identification was made; comparison with Macfie’s 
description and figure of type specimens from Trinidad will show little 
variation. Drawings of the whole larva and both adults have been included 
for the benefit of those not familiar with the genus rather than for specific 
identification. 


Forcipomyia (Forcipomyia) raleight Macfie, 1938 

Larva.—Length when full grown about 4.6 mm. Pale, colorless except 
yellowish-brown head. Chaetotaxy*: and gq hairs of head lanceolate; 
(Fig. 1, M) 6 and d hairs arising from a common tubercle, } hyaline, d black; 
chaetae of last abdominal segment as shown in Fig. 1, J. Cuticular armature 
consisting of minute cones sparingly disposed across middle and sides of 
segments. Prothoracic pseudopod (Fig. 1, N) slightly shorter than greatest 
width, cleft medially less than half its length; a crown of five black hooklets 
on mesad portion of each fork; the slender hyaline hooklets usually present 
in the subgenus Forcipomyia absent. Anal pseudopod (Fig. 1, K) the usual 
transverse ridge studded with two rows of short black hooklets, 10 anterior, 
eight posterior. Anal blood gills bilobed, with outer lobes greatly reduced. 





* The nomenclature of the chaetae, whenever they can be homologized, is the same as that 
employed in my first paper on Forcipomyia (25). 
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Fic. 1. Forcipomyia (Forcipomyia) raleight. A, entire female; B, entire male (left 
wing of each omitted); C, pleural thoracic pigmentation of female; D, spermathecae; 
E, female palp; F, female antenna; G, male genitalia; H, pupa; I, pupal prothoracic 
horn; J, last three body segments of larva; K, anal pseudopod of larva; L, entire larva; 
M, profile of head for chaetae; N, prothoracic pseudopod of larva; ae, aedeagus; dst, 
basistyle; ca, cauda; dst, dististyle; pa, parameres; 9st, ninth sternite. 
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Pupa.—Length 3.1 mm. Color of exuviae light yellowish. Head with 
small median tubercle on central triangle, none on laterals. Thorax with four 
pairs cuticular spines, the anterior pair bearing setae as long as themselves. 
Abdomen with lateral spines on segments 2, 3, and 4; single pair very small 
dorsal setae on all abdominal segments except 8; terminal segment in male 
attenuated, equal to three preceding segments in length (Fig. 1, H). Pro- 
thoracic horn small, stout-stemmed with only slightly swollen knob bearing 
about 18 spiracular papillae curving up back and over top (Fig. 1, I). 


Female.—T.R. 0.6. Length 1.9 mm. Wing 1.1 X 0.5 mm. A dark 
gray-brown fly with two lighter longitudinal bands on thorax; pleura pale 
with row of brown patches across middle (Fig. 1, F). Abdomen solid black 
above; cerci pale. Antennal segments 3-10 pyriform with hyaline sensory 
hairs barely longer than length of segment; 11th segment nearly twice as 
long as 10 (Fig. 1, F). Palp with third segment greatly swollen below 
middle, bearing sunken conical sensory organ (Fig. 1, E). Legs pale except 
brown pigmentation at femorotibial articulation. Wings heavily haired, 
with denser patch beyond termination of costa; no white stigma. Knob of 
halteres dark gray. Spermathecae two, small, elliptical, tapering to 
unsclerotized duct (Fig. 1, D). 

Male.—Length 2.1 mm. Wing 1.4 X 0.4 mm. With same coloration 
as female. Antennal plume black shading to gray at tip. Genitalia: 9th 
sternite twice as wide as long; basistyles long, stout in middle; dististyles 
slender, straight, except for incurving tip, dark. Aedeagus shield-shaped, with 
rounded lobose tip; two longitudinal ridges near sides form a dished hollow 
on surface. Parameres: broad thin plates joined briefly some distance 
beyond base, terminating in fine incurved spine-like processes (Fig. 1, G). 

Reared from larvae found plentifully on underside of rotting wood in 
rubbish heap of Botanical Gardens, Georgetown, British Guiana, August 21, 
1953. Specimens deposited in National Collection, Ottawa, and U.S.N.M. 

Other species—It would be a monumental task to list all the described 
species attributable to this subgenus, since the great majority of Forcipomyia 
species belong here. They are to be found from the shores of the Arctic 
Ocean through the Tropics to the Southern Hemisphere. 


SuBGENUs Proforcipomyia sAUNDERS, NEW SUBGENUS 


Malloch (23) created a subgenus Euforcipomyia based on a tarsal ratio of 
“at least 1.5’’, which is so vague a definition that it embraces all species 
outside Forcipomyia s. str. The type, hirtipennis Malloch, is represented by 
a single female which Dr. Wirth of the U.S.N.M. has examined and cannot 
identify with any other species known tohim. Another species which Malloch 
included, Euforcipomyia fusicornis (Coquillet), Dr. Wirth tells me is definitely 
a Pterobosca. Johannsen (13) placed a miscellaneous collection of species in 
the subgenus, and Wirth (32) has used the name for one species, calcarata 
(Coquillet), but agrees that in view of the uncertain identity of hirtipennis 
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it would be better not to apply the name Euforcipomyia to any other species. 
I therefore propose Proforcipomyia, with wirthit Saunders as the type. 

Diagnosis —T.R. 1.3-2.0. Wings densely haired with slender macro- 
trichia; unadorned; costa reaching middle of wing or slightly more. 
Spermathecae two. Basistylar apodemes in male genitalia joining in an 
arch, varying from broad and low to pointed; rudimentary parameres rarely 
present; aedeagus a simple triangular shield, often deeply excised in front. 

Larva.—Head semihypognathous; profile with two slight hollows or flat 
regions, not smoothly rounded; labrum with nose-like protuberance; mandibles 
broad apically, with right-angled twist. Body often with faint reddish 
pigment pattern in subcutaneous fat body. Prothoracic pseudopod a simple 
spinose cushion rarely surmounted by a pair of papillae bearing longer hooklets. 
Anal pseudopod a transverse ridge bearing two rows of hooklets, sometimes 
large and long. Cauda long, pointed, fringed with setae. 

Pupa.—Without large cuticular spine-like processes; rarely retaining larval 
exuviae. Prothoracic horns variable in size and shape, always bearing a 
double palisade of spiracular papillae in partial or complete circlet. Male 
sexual processes dorsal. 


Forcipomyia (Proforcipomyia) wirthi Saunders, new species 


This species was recently described and figured in all stages by Wirth (32) 
under the name calcarata (Coquillet) but subsequently he doubted the validity 
of the identification. He has enabled me to compare Coquillet’s holotype @ 
from Mexico with adults from California and I agree that the Californian 
species was misnamed. In particular the male genitalia differ in that calcarata 
has the internal arch sharply pointed instead of broadly rounded, the aedeagus 
terminates in two small valves, and the dististyles taper gradually to a fine 
tip. It therefore becomes necessary to rename it as a new species, and 
Dr. Wirth has asked me to do this so that it may be included in the present 
paper. I name it wirthi after the finder and original describer, and designate 
it the type species of the subgenus Proforcipomyia because of the abundance 
of material in all stages. It is described and figured again to conform with 
other types in the present paper. 

Larva.—Length about 5.3 mm. when full grown. Color (preserved) 
practically colorless except for faint reddish pigment pattern in dorsal 
peripheral fat body (Fig. 2, D). Head dark brown; # and q hairs like a hairs 
of body; squamous chaetae at base of labrum extremely small; chaetae 
beside antennae simple (Fig. 2, B). Body segments unusually elongate, 
with simple rod-like @ hairs, a lateral pair of long chaetae enlarged somewhat 
near base, three pairs of simple chaetae below these and other small chaetae 
(Fig. 2, A, D). Prothoracic pseudopod undivided, studded with minute 
spines in many rows (Fig. 2, F). Posterior pseudopod a transverse ridge 
bearing a posterior row of eight long black hooklets and an anterior row of 
10 smaller hooklets (Fig. 2, E). Anal blood gills small, bifid, not sharply 
pointed. Cauda long, tapering, fringed, equal in length to last body segment. 
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Fic. 2. Forcipomyia (Proforcipomyia) wirthi. A, entire larva; B, larval head; C, larval 
mandibles in two aspects; D, last three larval body segments; E, ventral view of last 
larval segment; F, larval prothoracic pseudopod; G, pupa; H, female palp; I, male 
and female antennae; J, spermatheca; K, male genitalia. 


Pupa.—Length 2.7 mm. Color (exuviae) light brown, darker on thorax. 
Bearing only minute setigerous tubercles arranged as shown in Fig. 2, G. 
Terminal processes of female widely divergent, those of male closely appressed. 
Prothoracic horns (Fig. 2, G) broad at base beyond narrow point of attachment, 
enlarging somewhat in distal half to accommodate a nearly closed circlet 
of 17-21 spiracular papillae arranged in upper and lower palisades. 

Female.—T.R. 2.0. Length 2.2 mm. Wing 1.4 X 0.6 mm. Occiput 
and facial sclerites medium brown, membranes creamy white. Antennae 
light brown; basal flagellar segments globular becoming slightly elongate 
and changing abruptly at segment 11 to much longer; hyaline sensory hairs 
slender, slightly curved, the longest equal to length of segment (Fig. 2, I). 
Palps narrow, slender with short fifth segment; sensorium in third segment 
a sunken conical cylinder (Fig. 2, H). Thorax medium brown with dense 
coat of golden hairs and fewer long brown chaetae. Halteres creamy white. 
Legs pale. Wings clothed with short, decumbent macrotrichia; costa ending 
about middle of wing; first radial cell obliterated, second narrow. Abdominal 
tergites and sternites light brown, bearing short dark chaetae; pleura pale, 
heavily pubescent; cerci pale. Spermathecae two, pyriform, dark (Fig. 2, J). 

Male.—Length 2.2 mm. Coloring same as in female. Antennae: long 
hairs of plume golden-brown, pale at tips. Genitalia (Fig. 2, K): anterior 
margin of ninth sternite strongly concave. Basistyles wider at middle than 
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at either end, twice as long as wide; dististyles short, broad, with distinctly 
turned-up tips; basistylar apodemes joined in arch typical of Proforcipomyia; 
by treating with potash and staining, a pair of rudimentary parameres may 
be demonstrated. Aedeagus well chitinized, short, wide, broadly triangular, 
with small turned-up tip lightly chitinized. 

Holotype (2), allotype-—San José, Calif. February 22, 1948, reared from 
larvae around hot mineral spring, col. W. W. Wirth. 

Paratypes.—Many specimens, all stages, same data as holotype. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

Other species —When the male genitalia have been figured in a description, 
the members of the subgenus Proforcipomyia can be recognized at a glance. 
I have therefore not attempted to list the many species attributable to this 
group; the list would inevitably be incomplete. Early stages have been 
included in a few descriptions and these are equally easily recognized by the 
long cauda and the profile of the larval head; also the rosette-like pupal 
prothoracic horn. F. ingrami Carter (3), Forcipomyia simulans Johannsen 
(16), and Forcipomyia phlebotomoides Bangerter (1, 27) are cases in point. 

Description of three new species are added to show some of the range of 
variation within the subgenus. 


Forcipomyia (Proforcipomyia) bromeliae Saunders, new species 
Larva.—Length about 3.1 mm. when full grown. Color (preserved) pale, 


with reddish pigment pattern in dorsal peripheral fat body of thorax only 
(Fig. 3, A). Head light brown; scalloped condition of profile pronounced; 
chaetae at base of labrum broadly foliaceous, double, hyaline (Fig. 3, C); 
a pair of similar but much smaller chaetae toward nose-like tip of labrum; 
p and g hairs lanceolate, all other hairs simple (Fig. 3, B). Body segments 
with small spatulate a hairs, four pairs fine lateral chaetae and one pair short 
dorsolateral chaetae (Fig. 3, A,D). Prothoracic pseudopod the usual spinulose 
cushion but terminating in two papillae each bearing five slender curved 
hooklets (Fig. 3, E). 

Pupa.—Length about 2.2 mm. Color of exuviae pale yellowish, unpig- 
mented. A pair of conical protuberances on dorsum of thorax, otherwise 
only minute tubercles on thorax and all abdominal segments (Fig. 3, F). 
Prothoracic horns broad, with narrow peduncle at anterior side; nearly 60 
spiracular papillae arranged distally in symmetrical circlet with upper and 
lower palisades (Fig. 3, F). 

Female.—T.R. 1.66. Length 1.4 mm. Wing 1.0 X 0.4 mm. A light 
brown fly clothed with golden hairs; humeri gray; scutellum pale; post- 
scutellum dark brown; pleura with very faint brown markings. Antennal 
segments 3-10 subspherical, tending to flask-shaped, with short curved 
hyaline sensory hairs; very slight increase in length at 11th segment (Fig. 3, J). 
Palps slender, segment 3 only slightly swollen, bearing unenclosed cluster 
of minute knobbed sensillae; segments 4 and 5 fused (Fig. 3, K). Wings 
densely clothed with grayish decumbent hairs, no darker or paler spot; costa 
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Fic. 3. Forcipomyia (Proforcipomyia) bromeliae. A, head and thorax of larva for 
dorsal subcutaneous pigment pattern; B, larval head; C, dorsal aspect of anterior portion 
of larval head, greatly enlarged; D, last three larval segments; E, larval prothoracic 
pseudopod, lateral aspect; F, pupa and prothoracic horn; G, anterior veins of female 
wing; H, anterior veins, male wing; I, spermatheca; J, female antenna; K, female 
palp; L, male antenna; M, male genitalia. 
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extending appreciably beyond middle of wing; first radial cell indicated by 
line between veins, second distinct (Fig. 3, H). Halteres pale grayish, 
faintly ocherous, not chalky white. Abdominal tergites uniformly brown, 
very hairy; sternites light brown from third to ninth segments; pleural 
membrane covered with fine gray hairs, the dark basal papillae of which 
give the membrane a stippled appearance. Cerci pale. Spermathecae two, 
subspherical, first portion of neck chitinized (Fig. 3, I). 


Male.—Length 1.6mm. Wing1.0 X 0.3mm. Appearance and coloring 
as in female. Genitalia: ninth sternite strongly emarginate anteriorly; 
basistyles short, width equal to ? length; dististyles short, broad, tapering, 
about equal to length of basistylar apodemes joined in a high arch; aedeagus 
short, widely triangular, with two strengthening carinae, posterior margin 
thin, delicate, with median cleft (Fig. 3, M). 

Holotype (co), allotype-—Rio de Janeiro, Brazil, August 23, 1923, reared 
from larvae in terrestrial bromeliads on rocks and islands of Rio Bay. 

Paratypes—One 9, two larvae, two pupae, same data as type. Two? 9°, 
one larva, three pupae ex terrestrial bromeliads, Pernambuco, Brazil, 
September 10, 1923. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

This species is at present unique in having two papillae bearing five hooklets 
each beyond the normal cushion of the larval prothoracic pseudopod. Other 
features in all stages are specifically distinct, but not remarkable. 


Forcipomyia (Proforcipomyia) spatulifera Saunders, new species 

Larva.—Length about 4.3 mm. when full-grown. Body color pale 
yellowish. Head dark, with distinct concavities on profile. hairs spatulate, 
broadening to square serrate tip; g hairs half-spear-shaped; chaetae at base 
of labrum flattened but not broadly developed as in some other species of 
Proforcipomyia; antennae long, slender, slightly recurved, on prominent 
basal tubercles (Fig. 4, B). a hairs of body spatulate like p hairs of head, 
on prominent, dark, conical basal tubercules, large except on first and eighth 
abdominal segments, replaced by small spear hairs on prothorax and 
metathorax (Fig. 4, A). Pseudopods normal; cauda long, pointed; anal blood 
gills slender, pointed, medium length. 


Pupa.—Length about 2.9mm. _ Exuviae light yellowish brown throughout. 
A pair of short conical processes on dorsum of thorax, other minute papillae, 
some setigerous, as shown in Fig. 4, C. Abdomen with a single pair of dorsal 
papillae ringed by a cuticular ridge in an incomplete circle. Prothoracic 
horns parallel-sided, tapering basally from posterior side to narrow peduncle. 
Spiracular papillae about 40, forming a crescent around extremity of horn, 
in double palisade (Fig. 4, D). Female terminal processes closely appressed. 
Larval exuviae retained on last abdominal segments. 


Female——T.R. 1.7. Length 1.7 mm. Wing 1.3 X 0.5 mm. Eyes 
narrowly contiguous, leaving unusually large occiput brown, hairy. Face 
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Fic. 4. Forcipomyia (Proforcipomyia) spatulifera. A, entire larva; B, larval head; 
C, pupa; D, pupal prothoracic horn; E, female palp; F, female antenna; G, anterior 
veins of female wing; H, spermatheca. 


ocherous, ocellar triangle not pigmented; clypeus pale, labrum brown. 
Palps faintly brown, pale at articulations; greatly elongate and slender; 
third segment only slightly swollen, with unchitinized sensorium containing 
sessile bulbous sensillae; fourth segment imperfectly fused with fifth, without 
articulation (Fig. 4, E). Antennae: torus brown, flagellum pale but darker 
than palps especially at base of segments; flagellar segments increasingly 
elongate from the very first; only slight extra increase at 11th segment 
(Fig. 4, F). Thorax uniformly light brown on dorsum, with darker longitudinal 
stripes due to optical effect of muscles within; humeral angles pale; scutellum 
pale, postscutellum light brown; pleura pale throughout except faint duskiness 
on anterior margin of sternopleurite. Legs pale ocherous, with dark spots 
at tip of tibiae and tarsal segments. Wings densely clothed with coarse 
macrotrichia, brownish; costa ending slightly before middle of wing; first 
radial cell completely obliterated, second short, narrow (Fig. 4,G). Halteres 
pale whitish, not chalky; stem faintly brown. Abdominal tergites uniformly 
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brown, clothed with dark brown hairs; venter clothed with pale golden hairs. 
Cerci pale. Spermathecae two, spherical, with short cone at base, moderately 
chitinized (Fig. 4, H). 

Holotype (2).—Santos, Brazil, July 14, 1923, reared from larvae on 
underside of banana leaves lying in grass. One larva, one pupal exuviae 
preserved. Deposited in National Collection, Ottawa. 

The prominent spatulate a hairs of the larva constitute the outstanding 
feature of this species. The retention of the larval exuviae on the pupal 
abdomen is exceptional but not unique in the subgenus: I have seen the same 
thing in a North American species as yet undescribed. 


Forcipomyia (Proforcipomyia) longispina Saunders, new species 

Larva.—Length about 3.6 when full-grown. Pale, colorless. Head dark 
almost to black, narrow in profile with pronounced concavities on face 
(Fig. 5, C); p hairs very short, blade-like; g hairs more normal, spear-shaped ; 
m hairs on side of head with stout base divided into eight fine, strongly recurved 
setae (Fig. 5, C, E); antennae long, slender, recurved. a hairs of body short, 
blade-like, colorless; dorsolateral hairs black; on dorsum of last abdominal 
segment a black chitinous plate bearing a pair of tubercles from which arise 
slender setae longer than whole body, carried forward and upward (Fig. 5, A, 
B); laterad to dorsal plate a small divided hair somewhat like m hair of head, 
but with five divisions not recurved. Pseudopods normal. Cauda long, 
slender, pointed, with dorsal serrate prominence at base. Anal blood gills 
long, slender. 

Pupa.—Length 2.7 mm. Exuviae pale yellowish. The dorsal conical 
processes on thorax of three preceding species reduced to low, rounded 
protuberances bearing small setae; no tubercles on head, thorax, or abdomen, 
but many minute setae on abdomen. Terminal female processes attenuated 
(Fig. 5, F). Prothoracic horns with narrow peduncle, flaring abruptly to 
disk-like extremity bearing circlet. of nearly 200 spiracular papillae arranged 
in pronounced upper and lower palisades (Fig. 5, G). 

Female.—T.R. 1.6. Length 1.5 mm. Wing 1.1 X 0.5 mm. Vertex 
brown, thickly clothed with curved hairs. Face pale ocherous, ocellar 
triangle faintly brown, labrum brown. Palps pale, slightly fuscous; third 
segment long, moderately swollen, tapering gradually to extremity, bearing 
large sensorium in form of sunken cylinder containing many sessile bulbous 
sensillae; segments 4 and 5 without separating articulation (Fig. 5, L). 
Antennae: torus brown, flagellum ocherous, faintly dusky basally; flagellar 
segments subspherical, becoming elongate distally; no appreciable change 
in length between segments 10 and 11 (Fig. 5, I). Thorax uniformly light 
brown on dorsum, including humeral angles; scutellum pale, postscutellum light 
brown; pleura ocherous, with very faint brownish patches. Legs ocherous, 
faintly fuscous at end of hind femora, very hairy. Wings densely clothed 
with brown decumbent hairs, no white or pale patch; end of costa a short 
distance beyond middle of wing; first radial cell practically obliterated, 
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Fic. 5. Forcipomyia (Proforcipomyia) longispina. A, entire larva; B, last larval 
segment; C, larval head; D, ana hair of larval body; E, m hair of larval head; F, pupa; 
G, H, pupal prothoracic horn in two aspects; I, female antenna; J, anterior veins of female 
wing; K, spermatheca; L, female palp;/p, lower, up, upper palisade of spiracular papillae. 
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second distinct, long, narrow (Fig. 5, J). Halteres pale, faintly ocherous. 
Abdominal tergites uniform yellowish brown, sternites pigmented only on 
last two segments; whole abdomen including pleural membrane thickly 
clothed with brown hairs. Cerci pale brown. Spermathecae two, subspherical 
with small tapering prolongation at neck, lightly chitinized (Fig. 5, K). 

Holotype (9 ).—Rio de Janeiro, Brazil, July 15, 1923, reared from larvae 
under dead leaves on a wet rock face. Two larvae, one pupal exuviae 
preserved. Deposited in National Collection, Ottawa. 

Bangerter’s phlebotomoides (1) has the same extreme setae on the larval 
tail and is very similar in other chaetotaxy. But the pupal respiratory horn 
of phlebotomoides has a much longer stem and the female palp shows distinct 
and slender fourth and fifth segments. These specific differences are 
comforting, for it would be difficult to imagine an alpine species from Europe 
equally at home in the tropical climate of Brazil. 


SuBGENUS Warmkea SAUNDERS, NEW SUBGENUS 


A closely knit group of species distinct in all stages from other subgenera 
of Forcipomyia, but varying little between species within the group. The 
pupa has the best specific characters and three of the new species have been 
named for features of this stage. Apparently the group is a ‘‘young”’ offshoot 
from the parent stock of Forcipomyia and has not had time to evolve any 
great variety in its species. Moreover, the uniform larval habitat would 


not encourage diversification. 

All species but one have been found breeding in the leaf axils of water- 
holding plants in the Caribbean area. The larvae live above the water line 
and move further up to pupate. The pupa sheds the larval skin completely 
and cements itself to the leaf surface by the penultimate segment; the larval 
exuviae can usually be found stretched out on the leaf a few millimeters behind 
the pupa. The early stages were first called to my attention by Dr. H. E. 
Warmke, geneticist and Director of the Experiment Station at Mayaguez, 
Puerto Rico, and the subgenus is named in his honor. 

Two species commonly occur in terrestrial aroids and both are found 
sparingly in introduced Pandanus plants in Puerto Rico. Two other species 
breed in epiphytic bromeliads, one in Puerto Rico, the other in Trinidad and 
Tobago; they were not found in intervening islands. A fifth species has been 
recognized, but not yet named and described for lack of sufficient reared 
material: two larvae were taken by Dr. W. W. Wirth in epiphytic bromeliads 
in Florida (July 5, 1951) and kindly sent to me; in 1953, I took larvae of the 
same species very sparingly in epiphytic bromeliads in El Yunque National 
Park, Puerto Rico, but had little success in rearing them. The species is 
distinct in larval chaetotaxy and very slightly different in pupal characters, 
being extremely close to aeria. One other species, hitherto unrecognized, 
turned up in my collections from Malaya showing that Warmkea species are 
not confined to the neotropics; other species may be found elsewhere when 
careful search is made. 
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In view of the wide distribution already established for this group, it is 
remarkable that descriptions do not appear in the literature. I am indebted 
to Dr. W. W. Wirth of U.S.N.M. for a more thorough search than I could 
make, and Macfie’s Forcipomyia narthekophora (19) was the only recognizable 
species he could find. Description and figure of this single male from Brazil 
show characters sufficiently distinctive that there can be no question of 
synonymy with the species described below. 


Diagnosis —T.R. 1.25-1.75. Lightly-built flies with pale coloration, 
more slender and less bristly than most Forcipomyia adults. Antennal 
segments, particularly of female, more elongate than in any other subgenus, 
with fine curved hyaline sensory hairs on segments 3-10; marked increase in 
length of segments at 11. Palpal segments 4 and 5 partially or completely 
fused; sensorium on segment 3 a group of capitate sensillae without enclosing 
chitinous ring or cylinder. Wings thinly clothed with macrotrichia, unmarked; 
costa reaching two-thirds the length of the wing, second radial cell closed or 
almost closed, narrow, double the usual length in subgenus Foricpomyia. 
Legs slender, moderately bristly, devoid of lanceolate hairs; claws of female 
broad at middle; empodium well developed in both sexes. Spermatheca, 
one. Male genitalia with same general plan as in subgenus Forcipomyia; 
parameres slender, with hooked tips extending beyond aedeagus; dististyles 
slender, strongly bowed with swollen base in two species, but straight and 
stout in other two. 


Larva.—Colorless, with light or dark head, prognathous; antennae as in 
subgenus Forcipomyia. Chaetae of body considerably reduced in number 
and size, some bifid or multiple; @ hairs minute, spear-shaped. Prothoracic 
pseudopod abruptly conical, transversely ridged and finely setulose, bearing 
at tip three pairs long, curved, hyaline hooklets, three pairs short, black 
hooklets, and one pair short sinuous processes in middle. Posterior pseudopod 
a transverse ridge bearing large, dark hooks arranged in the usual anterior 
row of five pairs and posterior row of four pairs, but crowded together on 
either side of median line. Cauda short, bluntly conical or more tapering, 
finely setulose. Anal blood gills two, double. No cuticular armature. 





































Pupa.—With various knobby and spiny processes on thorax and abdomen. 
Prothoracic horns broad at base, projecting to angular knob on posterior 
surface; neck narrow, head rounded, bearing numerous spiracular papillae 
in row over top. Genital processes of male dorsal. Larval exuviae not 
retained. 

I designate as type species Forcipomyia (Warmkea) bicolor, a common 
species of which plenty of reared material is preserved. 











Forcipomyia (Warmkea) bicolor Saunders, new species 

T.R. 1.6. A slender, lightly built fly with pale coloring, pale wings, long 
abdominal chaetae. Reared from black-headed larvae in leaf axils of aroids 
in Puerto Rico and Trinidad, B.W.lI. 
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Larva.—Length 4.2 mm. Colorless or occasionally pale yellowish, showing 
brown intestinal contents clearly. Head dark brown to black; p hairs small, 
spear-shaped; g hairs simple (Fig. 6, D). a hairs of body small, spear-shaped, 
larger on last segment and arising from partially joined tubercles. Other 
body chaetae fine, simple except bifid lateral hairs on last segment (these 
occasionally secondarily forked) and very small multiple hairs (Fig. 6, B). 
Cauda well developed, conical, setulose. Prothoracic pseudopod as described 
in diagnosis (Fig. 6, C). 

Pupa.—Length 3.0 mm. Dark brown on head; thorax and last three 
abdominal segments, pale between. Head bearing one pair spinose tubercles 
and a small median tubercle, all on median triangle. Thorax with prominent 
spinose knobs on anterior corners just before and below prothoracic horns; 
three pairs similar knob-like processes on dorsum and a single pair elongate, 
tapering, spinose processes surmounted by short seta near anterior thoracic 
margin. Similar elongate, curving, spinose processes standing up on all 
abdominal segments except last two. Lesser processes on sides of all segments. 
Cuticle very slightly shagreened (Fig. 6, E). Prothoracic horn with broad 


Fic. 6. Forcipomyia (Warmkea) bicolor. A, entire larva, lateral aspect; B, last three 
larval segments in detail; C, prothoracic pseudopod of larva; D, larval head; E, pupa 
entire and prothoracic horn; F, female antenna; G, spermatheca; H, female palp; I 
female foot, dorsal aspect; J, male genitalia; K, anterior veins of female wing. 
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base reaching half the length of horn, constricting to neck leaving prominent 
posterior rounded projection; neck slender, head rounded bearing 18 spiracular 
papillae symmetrically over top (Fig. 6, E). 

Female.—Length 1.55mm. Wing 1.1 X 0.4mm. Face, proboscis, pale; 
eyes black; antennae dusky. Thorax light reddish brown above, paler on 
humeri, with well marked median brown band including scutellum and 
postscutellum. Microchaetae sparse, golden; macrochaetae black. Thoracic 
pleura pale, unmarked. Legs pale yellowish to dusky on tarsi. Wings 
iridescent, thinly scaled, dusky along anterior margin. Halteres with dusky 
knob. Abdomen uniformly gray above, pale beneath; cerci pale. Antennae: 
basal flagellar segments longer than wide, becoming progressively longer and 
more slender; bearing fine, short, hyaline sensory hairs; abrupt change to 
long segments at 9 (Fig. 6, F). Palps: third segment scarcely swollen, 
bearing cluster of minute sensillae without surrounding chitinous cylinder; 
fifth segment very short, separated from fourth by slight constriction (Fig. 6, 
H). Spermatheca small, subglobular with short, tapered neck, no sclerotiza- 
tion of duct (Fig. 6, G). 

Male.—Length 1.46 mm. Wing 1.0 X 0.3 mm. Color as in female. 
Genitalia: ninth sternite wider than long, in proportion of 5:3; aedeagus 
shield-shaped with broadly truncate tip; parameres slender, curved, pointed, 
reaching little beyond aedeagus, joined basally, and borne on uniting arch-like 


apodemes; dististyles straight, tapering only at tip, without appreciably 
swollen base (Fig. 6, J). 

Holotype (Q), allotype-—Mayaguez, Puerto Rico, February 3, 1953, reared 
from larvae in leaf axils of the aroid Alocasia macrorhiza. 


Paratypes—Many 2 2, oc’, larvae, and pupae, same locality as types, 
from same date to end of March, reared from A. macrorhiza, Xanthosoma 
jacquinii, and the native aroid Caladium sp. Also taken in Pandanus sp. on 
road to Maracao in hills behind Mayaguez. 

Other material—Two pupal exuviae only, from aroids in Northern Range, 
Trinidad, May 10, 1953. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 


Distinguished from other black-headed larvae by the chaetotaxy, particularly 
the bifid chaetae on the sides of the last segment; also the partially fused 
basal papillae of the last a hairs. The pupa with very spiny abdomen but 
only one pair of curving spinose processes on the thorax; the spinulose knobs 
on the lateral anterior corners of the thorax, and the two-toned pigmentation 
are practically the only distinguishing features from the pupa of aeria. In 
the female the incomplete fusion of fourth and fifth palpal segments is a 
good character, as also is the small subspherical spermatheca with short, 
tapering neck. In the male genitalia the truncated point of the aedeagus 
is at present unique in the subgenus; the dististyles are close to those of 
tuberculata and very different from aeria and spinosa. 
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Forcipomyia (Warmkea) aeria Saunders, new species 

T.R. 1.75. A species very close to bicolor, but reared from epiphytic 
bromeliads instead of aroids. 

Larva.—Length 3.5 mm. A black-headed, colorless larva differing from 
bicolor in the greater number of lateral chaetae on a typical body segment, 
all fine, unforked. Basal papillae of last a hairs separate.. Cauda small, 
slender (Fig. 7, A). 


Pupa.—Length 2.4 mm. Faintly and uniformly pigmented throughout. 
With same arrangement of spinose tubercles and processes as bicolor but lacking 
the prominent knobs on the anterior corners of the thorax. Cuticle finely 


Fic. 7. A-E, Forcipomyia (Warmkea) aeria; F-K, Forcipomyia (Warmkea) spinosa; 
L-O, Forcipomyia (Warmkea) tuberculata. A, F, L, last three larval segments; K, larval 
head; G, M, pupa; B, H, pupal prothoracic horn; C, I, N, spermatheca; D, female palp; 
E, J, O, male genitalia. 
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shagreened on abdomen and center of thorax. Prothoracic horns with 
shorter base and longer, more slender neck; about 14 spiracular papillae 
around head, more behind than in front (Fig. 7, B). 


Female.—Length 1.55 mm. Wing 1.17 K 0.4 mm. Color as in bicolor 
but dark medium band on thorax forking to leave pale patch in front of 
scutellum. Macrochaetae coarse, black on thorax. No appreciable 
differences in antennae. Fourth and fifth segments of palps completely 
fused (Fig. 7, D). Spermatheca small and globular with long, tapering, and 
slightly curved neck (Fig. 7, C). Flattened condition of claws barely evident. 


Male.—Length 1.6 mm. Wing 1.2 X 0.3 mm. Color as in female. 
Genitalia very different from that of bzcolor: ninth sternite longer, proportion 
of length to width 7 : 10; basistyles longer, almost as long as width of ninth 
sternite; dististyles swollen at base, reducing abruptly and then gradually 
tapering into strongly incurved style; a single large chaeta on inside near base. 
Aedeagus shield-shaped, narrow, pointed, with keel-like median process and 
pronounced anterior horns. Parameres fine, slightly bowed, with upturned 
tips, not reaching beyond aedeagus (Fig. 7, E). 

Holotype (9), allotype-—Mayaguez, Puerto Rico, March 18, 1953, reared 
from larvae in epiphytic bromeliads. 

Paratypes.—Nine larvae, four pupae, five 9 2, same data as holotype. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

Inhabiting epiphytic instead of terrestrial bromeliads, this species is very 
close to bicolor in larva and pupa, but lacks the features listed as specific for 
that species. The larva has far more lateral chaetae on a typical body 
segment than any other species of the subgenus. In the female the tarsal 
ratio (1.75) is the highest in the group, and the small spermatheca with conical 
neck is distinctive. The strongly curved dististyles of the male genitalia 
distinguish from bicolor and tuberculata, but the whole genitalia are practically 
identical with those of spinosa. 


Forcipomyia (Warmkea) spinosa Saunders, new species 

T.R. 1.5. <A typical slender member of the subgenus, with bristly abdomen. 
Bred from light-headed larvae in leaf axils of terrestrial aroids in Puerto Rico, 
Dominica, and British Guiana. 

Larva.—Length 3.6 mm. Colorless except for rare individuals with faint 
reddish pattern in subcutaneous fat body of thorax and last few abdominal 
segments. Head pale yellowish brown showing black internal trophi clearly; 
p hairs small, spear-shaped; gq hairs half-spear-shaped (Fig. 7, K). @ hairs 
of body small, spear-shaped, last pair larger, arising from distinct tubercles. 
Small posterolateral chaetae on body segments with short, stout base, 
dividing into five fine terminal setae (Fig. 7, F). Cauda slender, well 
developed. 


Pupa.—Length 2.4mm. _ Pale yellowish throughout, without pigmentation. 
Two pairs of spinose, slender processes on anterior portion of thorax, one 
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pair posterior tubercles, small. Abdominal segments 2—7 with one pair long, 
curved spinose processes on dorsum, small tubercles on sides of all segments. 
Cuticle not appreciably shagreened (Fig. 7, G). Prothoracic horns with 
enlarged angular base constricted in middle to form a prominent knob on 
posterior margin; neck slender, head rounded with about 16 spiracular 
papillae in row over top (Fig. 7, H). 

Female—Length 1.2 mm. Wing 0.95 X 0.35 mm. Thorax shining 
light reddish brown with three slightly darker median stripes, the center 
one interrupted behind mid-line; microchaetae golden, macrochaetae on 
scutellum black. Pleura pale with two faint dusky patches. Legs pale to 
dusky on tarsi. Abdomen uniformly gray above, pale beneath to faintly 
reddish tip. Cerci pale. Antennae not appreciably different from bicolor. 
Palps, segments 4 and 5 completely fused, no different from aeria. Spermatheca 
large, subspherical, with short, sharply curved neck (Fig. 7, I). 

Male.—Length 1.7 mm. Wing 0.9 X 0.3 mm. Color as in female. 
Genitalia (Fig. 7, J) practically identical with those of aeria; slight differences 
in the two figures may be specific, or may be due to individual variation; 
since only one male of aeria is available this matter cannot be pursued farther 
at present. 


Holotype (9), allotype-—Mayaguez, Puerto Rico, February 3, 1953, reared 
from larvae in leaf axils of large aroid A. macrorhiza. 

Paratypes.—15 larvae, 14 pupae, five 2 2, two oo’, same locality as 
holotype, from same date to end of March, reared from same species of aroids 
and Pandanus as bicolor. 

Other material.—24 larvae (heads black but no other difference), 15 pupae, 
10 299,11 oo’, April 15-26, 1953, Dominica, B.W.I. (Roseau, Grand Bay, 
Sylvania), reared from A. macrorhiza. 

—Two larvae, four pupae, one 2, two oc’, May 15, 1953, 
Bartica, British Guiana, in aroids, including the tree-like Montricardia. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

A pale-headed, arum-inhabiting larva distinguishable from others only by 
minute chaetotaxal details. The pupa is the most characteristic stage, being 
heavily set with long curving spinose processes on thorax and abdomen. The 
female is difficult to separate from other species; the faint pleural pigment 
patches and the large spermatheca with short, bent neck are the best 
characters. Similarly the male may be distinguished by the pleural pigment 
patches, but the genitalia are practically identical with those of aerza. 


Forcipomyia (Warmkea) tuberculata Saunders, new species 

T.R. 1.3. A species with distinctive pupae but in other stages very minor 
differences separate this from other species. Reared from the water-holding 
leaf axils of bromeliads, both terrestrial and epiphytic, in Trinidad and 
Tobago. 
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Larva.—Length 4.0 mm. Head black, body colorless. p hairs of head 
spear-shaped, g hairs simple. Lateral chaetae of body segments small, 
few; anterior laterals small, trifid except bifid on penultimate segment. a@ 
hairs of body very small, but large on last segment and arising from completely 
fused papillae (Fig. 7, L). 

Pupa.—Length 2.5 mm. Evenly and darkly pigmented throughout. 
Median triangle of head with one pair small setose tubercles, no median 
tubercle. Thorax with two pairs conical spinose tubercles, no long curving 
processes. Abdominal segments with transverse raised bar terminating 
laterally in low spinose tubercles. Cuticle shagreened with minute tubercles 
through middle of thorax and over most of abdomen. Prothoracic horns 
with usual angular base and narrow neck, but comparatively large head 
bearing about 20 spiracular papillae extending further down back than front 
(Fig. 7, M). 

Female.—Length 1.3 mm. Wing 1.0 X 0.4 mm. No distinctive color or 
markings. Faint reddish-gray on thorax, dark on abdomen. No pleural 
markings. Basal segments of antennal flagellum subglobular, less elongate 
than in bicolor. Last two palpal segments completely fused as in aerta. 
Spermatheca comparatively large, with long, tapering neck (Fig. 7, N). 

Male.—Length 1.6 mm. Wing 1.0 X 0.34 mm. Color as in female. 
Genitalia: ninth sternite of same shape and proportions as other species; 
basistyles slightly shorter; dististyles straight as in bicolor but more distinctly 
spooned at tip; aedeagus of same slender pointed shield-shape as in aeria 
and spinosa but reinforced down sides (Fig. 7, O). 

Holotype (9), allotype-——North Range, Trinidad, B.W.I., May 8, 1953, 
reared from the terrestrial Bromelia pinguin. 

Paratypes.—Five larvae, nine pupae, nine 9 9, same location as types, 
from epiphytic bromeliads as well as B. pinguin. 

Other material.—Two larvae, 10 pupae, three 2 9, Tobago, B.W.I., in 
vicinity of Scarborough, from epiphytic bromeliads and B. pinguzin. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

As in other species, the pupa has the best characters; the absence of long, 
curving spinose processes, and the presence of transverse bars on the abdominal 
segments, distinguish the species from all others. While the larvae appear 
superficially identical with other black-headed species, the chaetotaxy is 
different, most obviously in the complete fusion of the basal papillae of the 
last pair ofa hairs. In the female the low tarsal ratio (1.2) is the best means of 
separation since no other known species goes below 1.5; the large spermatheca 
with slender tapering neck is also a fair character. The genitalia of the male 
have the aedeagus of aeria and spinosa and the dististyles of bicolor. 


Forcipomyia (Warmkea) malayae Saunders, new species 

T.R. 1.75. Represented by one female and two pupal exuviae collected 
by the author in Malaya, this species greatly extends our knowledge of the 
distribution of the subgenus. The note ‘‘on banana’”’ suggests that the larvae 
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had lived just above the water often found in the axils of banana leaves. 
Despite the wide geographic separation from the species described above, 
the pupa and female conform very closely to the general characters of the 
subgenus. 

Pupa.—Length 3.4 mm. Exuviae uniformly brown in color. Thorax 
with knob-like prominences on anterior corners; dorsum bearing five pairs 
papillate processes of varying size and shape (Fig. 8, A), the elongate 
setigerous pair having an inner basal knob-like expansion. Dorsum of 
abdominal segments 1—7 each bearing a pair of double processes, the posterior 
arm setigerous. Prothoracic horn with typical rounded expansion on 
posterior side, about 16 spiracular papillae in row across top extending further 
down back than front (Fig. 8, B). 

Female.—Length 2.0 mm. Wing 2.0 X 0.67 mm. Color uniformly 
pale gray-brown, slightly darker down middle of thorax and on abdomen. 
Basal antennal flagellar segments flask-shaped, increasing slightly in length 
to segment 10, with slender hyaline sensory hairs much longer than segment 
(Fig. 8, E). Palps: segment 3, straight and slender, scarcely swollen near 
base and devoid of sensorium; segments 4 and 5 fused, a slight constriction 
suggesting a very short 5 (Fig. 8, C). Spermatheca large, globular, with 
tapered and bent neck (Fig. 8, D). 


Fic. 8. Forcitpomyia (Warmkea) malayae. A, pupa; B, pupal prothoracic horn; 
C, female palp; D, spermatheca; E, female antenna. 
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Holotype (9° ).—Camerons Highlands, Malaya, January 29, 1934, reared 
from two pupae on banana. 

Types deposited in National Collection, Ottawa. 

A larger species than any known from the Caribbean. Readily separated 
in the pupa by the peculiar abdominal processes and the higher posterior 
rounded expansion on the prothoracic horn. In the female the much greater 
wing length and the distinctive palps form the best characters. It is regret- 
table that larvae and males are not available. 


SuBGENus Caloforcipomyia SAUNDERS, NEW SUBGENUS 


Two Brazilian species represent this subgenus at present, with caerulea 
designated as the type since all stages and both sexes are available, albeit 
very sparingly. The larvae, taken on rotting wood in the forests of Brazil, 
wriggled actively when disturbed, even crossing their extremities and 
“‘flicking’’ themselves several inches after the manner of the terrestrial 
chironomid Camptocladius and the cheese skipper Piophila. Most specimens, 
but not all, exhibit a metallic jade green or deep blue pigmentation in the 
subcutaneous fat body, persisting from the larva through the pupa to the 
adult; hence the subgeneric name. This pigment survives fixation in hot 
water or Carnoy’s fixative and preservation in alcohol. 

Diagnosis.—T.R. 1.36 (o)-2.33. Basal flagellar segments of 9 antenna 
elongate, two and even three times as long as wide, with slender hyaline 
sensory hairs as long as the segment. Costa reaching well beyond middle 
of wing; second radial cell open, elongate. Claws and empodia normal. 
Spermathecae two. Male genitalia: basistylar apodemes joining to form an 
inverted V; parameres entirely absent. 

Larva.—Cylindrical, more elongate than subgenus Forcipomyia larvae. 
Head strongly hypognathous, with long, forward-curving p hairs. Prothoracic 
pseudopod a simple spinulose cushion. Chaetotaxy of body: each normal 
segment bears dorsal a hairs; dorsolateral hairs arbitrarily homologized with 
c hairs of subgenus Forcipomyia, in which case 6 and d hairs are absent; two 
fine lateral hairs, probably e and f. Last abdominal segment bearing a 
large dorsal chitinous process extending up and back beyond cauda and anal 
gills, with two basal and two long terminal stout chaetae. Cauda moderately 
long and pointed, much like that of subgenus Proforcipomyia without the 
lateral fringe of short hairs. Anal blood gills two, bifid. Anal pseudopod 
normal. 

Pupa.—Relatively spineless, with a prominent pair of setigerous processes, 
conical at base, on dorsum of thorax just above and behind the prothoracic 
horns. Abdominal setae few, very small, no different on last segments, 
which retain the larval exuviae. Terminal abdominal processes in both 
sexes greatly attenuated, making the last segment equal to or longer than the 
three preceding segments together. Male sexual processes dorsal. Prothoracic 
horns slender, with row of spiracular papillae across extremity, not greatly 
different from those of some species in the subgenus Forcipomyia. 
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Very few specimens are available of the two species described below. 
Forcipomyia (Caloforcipomyia) caerulea is designated the type species because 
both sexes are known in addition to the early stages. 


Forcipomyia (Caloforcipomyia) caerulea Saunders, new species 
T.R. 2.33. A dull brown fly with slender antennae and unmarked wings, 
showing some of the blue internal pigmentation through the cuticle when fresh. 


Larva.—Length 3.0 mm. but specimen probably not full-grown. Deep 
blue in color from pigmentation in subcutaneous fat body. Head dark, with 
finely sculptured cuticle around vertex (Fig. 9, A); hairs long, sinuous, 
slightly swollen at tip; g and ¢ hairs short, swollen, pendulous; antennae 
short, strongly recurved. Chaetotaxy of body: a hairs very short, capitate; 
c hairs blade-like, finely serrate, first pair with large circular plate under 
basal papilla (Fig. 9, A). On last abdominal segment a black chitinous 
process with median anterior point, lateral chaetigerous papillae and posterior 
prolongation extending out beyond cauda and anal gills, bearing terminally 
two stout divergent chaetae (Fig. 9, B, C). Cuticular armature confined to 
patches low on sides of segments. 

Pupa.—Length 2.6 mm. Exuviae pale ocherous. Three tubercles on 
median plate of head; none on laterals. A pair of prominent, conical, 
shagreened processes on dorsum of thorax above and behind prothoracic 
horns, similar to those usually seen in pupae of the subgenus Proforcipomyia 
but continued into bare slender processes terminating in short setae with 
square serrate tip (Fig.9, E). No other thoracic setae. Abdominal segments 
2-6 with lateral vertical protrusions bearing four minute setae; a single pair 
of very small setigerous tubercles on dorsum of all segments. Terminal 
processes long, slender, appressed in both sexes. Prothoracic horns slender, 
slightly sinuous; 17 spiracular papillae in curved row across tip (Fig. 9, F). 

Female.—Length 1.6 mm. Wing 1.2 X 0.45 mm. Face pale, vertex 
light brown, clothed with pale squamous hairs; antennae and mouth parts 
strongly testaceous, with basal antennal segment dark brown; a large curved 
hair occurs on the vertex above the junction of eyes in both sexes. Basal 
flagellar segments of antenna flask-shaped, elongated, bearing pair of long, 
slender, hyaline sensory hairs, nearly straight (Fig. 9, H). Third segment of 
palps slender distally, swollen at base to accommodate large sensory area 
bearing many capitate, stalked sensillae (Fig. 9, J); fourth and fifth segments 
completely fused. Thorax dark brown dorsally, including humeral angles; 
scutellum and postnotum black; pleura dark with light area around base of 
wing. Wings with second radial cell open, long slender, reaching well beyond 
middle of wing; clothed sparsely with squamous macrotrichia giving uniform 
gray color (Fig. 9,1). Legs testaceous, unpigmented, bearing dark squamous 
hairs, long simple hairs, short spines in rows, and light golden pubescence. 
Halteres white in stem and knob. Abdominal tergites black, sternites 
divided, faintly pigmented. Cerci dark. Spermathecae two, pyriform, dark 
(Fig. 9, G). 
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Fic. 9. Forcipomyia (Caloforcipomyia) caerulea. A, larval head and first two thoracic 
segments; B, last two larval segments; C, terminal larval process, dorsal aspect; D, 
prothoracic pseudopod; E, pupa; F, left prothoracic horn; G, spermatheca; H, female 
antenna; I, female wing and single squamous hair; J, male palp; K, male genitalia; 
ca, cauda. 


Male.—Length 2.0mm. Wing 1.3 X 0.3mm. Color and setal investment 
as in female. Genitalia (Fig. 9, K): ninth segment nearly as long as broad, 
furnished near posterior ventral margin with two pairs broad, blade-like, 
hyaline, curved processes, inner pair sharply pointed, outer pair notched 
distally; basistyles stoutly cylindrical, slightly curved; dististyles longer than 
basistyles, slender in middle, roundly swollen distally; basistylar apodemes 
joining to form inverted V, no parameres; aedeagus, a complicated triangular 
structure clearly shown in Fig. 9, K. 
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Holotype (Q), allotype, and associated pupal exuviae—Rio de Janeiro, 
Brazil, July 8, 1923, reared from larvae on rotten wood in forest. 

Paratypes.—One larva. 

Types deposited in National Collection, Ottawa. 


Forcipomyia (Caloforcipomyia) varicolor Saunders, new species 
T.R. 1.36 (@). A dull, dark fly with unmarked wings, no distinctive 
markings or coloration. 


Larva.—Length 4.6 mm. Color varying greatly, hence the specific name; 
first larvae found were dark jade green in their fat body (these failed to 
develop); later two larger grayish-white larvae, one with light head, the 
other dark (one male reared); still later a brown larva with light head (this 
preserved); morphological details in specimens identical. Head: p hairs 
long, tapering, upper half bent forward; g hairs slender, ¢ hairs fine setae 
(Fig. 10, C). Body segments, from second abdominal backward, longer than 
wide (Fig. 10, A); a and ¢ hairs simple, setaceous. Chitinous process on last 
segment longer than in caerulea, basal and terminal chaetae finer; a pair of 
short cuticular spines flanking anterior median point of process (Fig. 10, 
A, B, cs). Cuticular armature papilliform dorsally, in form of minute rods 
on ventrolateral patches. Cauda well developed but shorter and blunter 
than in caerulea. 

Pupa.—Length 4.2 mm. Color of exuviae pale ocherous. Head devoid 
of papillae. Thorax with dorsal pair of conical processes above and behind 
prothoracic horns produced into styliform setigerous tips. Abdominal 
segments with lateral vertical protrusions bearing four minute setae (Fig. 
10, F); adorsal pair of small conical tubercles flanked by still smaller setigerous 
tubercles. Prothoracic horns slender, reducing towards tip, with about 16 
spiracular papillae curved across extremity (Fig. 10, E). 

Male.—Length 2.8 mm. Wing 1.45 X 0.55 mm. Color: head and 
thorax uniformly dark brown; abdomen and legs pale, testaceous; halteres 
light yellowish, stem and knob. Palps slender, third segment only slightly 
swollen near base, bearing circular sensorium with cluster of minute stalked 
sensillae; fourth and fifth segments partially fused but distinct (Fig. 10, H). 
Wings narrow, clothed with fine macrotrichia, densely hairy on anterior 
veins; costa reaching well beyond middle of wing, second radial cell elongate 
(Fig. 10, 1). Genitalia (Fig. 10, G): ninth segment longer than wide, with 
short, narrow anterior neck; basistyles stoutly cylindrical, only slightly 
curved, with exceptionally large setal sockets bearing squamous setae; 
dististyles slender, straight, slightly thinner in middle; basistylar apodemes 
joined in slender inverted V; aedeagus strongly sclerotized, in form of short, 
broad V with posterior median point marked off by hollowed socket. 

Holotype (co) and associated pupal exuviae.—Rio de Janeiro, August 1, 
1923, reared from larva on moist, rotting wood in forest. 

Paratypes.—One larva, same location and date as holotype. 

Types deposited in the National Collection, Ottawa. 
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Fic. 10. Forcipomyia (Caloforcipomyia) varicolor. A, entire larva; B, last larval 
segment; C, larval head and first two thoracic segments; D, pupa; E, pupal prothoracic 
horn; F, posterior aspect of single pupal abdominal segment; G, male genitalia; H, male 
palp; I, anterior veins of male wing; ca, cauda; cs, cuticular spine. 
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Other species.—Ingram and Macfie’s auripes (10) probably belongs here, 
and possibly Malloch’s pluvialis (figured by Wirth (31) ) though the apodemes 
of the basistyles in the male genitalia of the latter species join in a flat-topped 
arch like that of Metaforcipomyia without the parameres. The early stages 
would be much more dependable in settling both these questions of relationship. 







SuBGENuS Metaforcipomyia SAUNDERS, NEW SUBGENUS 









This subgenus is created for one Brazilian species, cerifera n. sp., whose 
characters of larva, pupa, and male genitalia all exclude it from other 
subgenera. The species therefore becomes the type of the subgenus. The 
male genitalia of some other species of Forcipomyia suggest possible inclusion 
here, but I prefer not to do so without corroborative evidence from their 
early stages. 

The larvae occur under rotting wood on the floor of the forests above 
Rio de Janeiro, and are unique in bearing globules of liquid covered with a 
powder of wax and open-ended horns and tubes of wax, thus creating a 
striking resemblance to a bit of wood covered with white spore bodies of some 
fungus. 

Diagnosis —T.R. 2.0. Basal flagellar segments of 2 antenna flask-shaped, 
each with one hyaline sensory hair twisted diagonally around segment; 
segments 9-13 no longer, but last three stout. Palpal segments 4 and 5 fused 
inseparably. Costa reaching barely to middle of wing; first radial cell 
narrowly open, second open, short; vein M2 absent. Spermathecae two. 
Male genitalia with curved basistylar apodemes joined in a square-topped 
arch, with parameres fused in mid-line, extending back to tip of aedeagus. 

















Larva.—Cylindrical, in general form like larvae of subgenus Forcipomyia, 
but with knob-like chaetae on head and body bearing tubes and cones of 
white wax and liquid globules powdered with wax. Antennae situated on 
bases like many Alfrichopogon larval antennae. Prothoracic pseudopod a 
coarsely spinose cushion. Anal pseudopod normal. Cauda short, lobose. 








Pupa.—Practically devoid of chaetae; thorax with an anterior pair of 
slender, spinulose, setigerous processes and four other low spinulose processes. 
Prothoracic horns slender, with row of spiracular papillae over top and 
halfway down stem. Larval exuviae retained. (This diagnosis subject to 
modification when more species of the subgenus are found.) 












Forcipomyia (Metaforcipomyia) cerifera Saunders, new species 


Larva.—Length about 2.5 mm. Color: head dark brown, body dull 
ocherous, bearing on dorsum several large wax-covered globules of liquid 
and many lateral waxy secretions in irregular knobs and horns (Fig. 11, 
B, C). Head in general proportions, carriage, and outline of profile, similar 
to that of the subgenus Forcipomyia; antennae long and slender, situated 
on high basal cones; ~ and g hairs very small, capitate, hyaline (Fig. 11, D). 
Chaetotaxy distinctive; a hairs present on all segments except prothorax; 
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mesothoracic in form of hyaline knob on large basal papilla, close together; 
metathoracic similar but almost sessile and wide apart; first abdominal 
minute, club-shaped, close together; second, fourth, sixth, and eighth small 
sessile knobs, contiguous; third, fifth, and seventh wide apart, similar to 
metathoracic; anal segment with median pair on common basal plate. This 
alternation of position of a hairs is unique, but its value as a subgeneric 
character remains to be proved. Each segment bears in addition a dorsolateral 
pair of hyaline knobbed “hairs” similar to the a hairs, two short plumose 
hairs, and three longer simple hairs; their arrangement varies somewhat on 


Fic. 11. Forcipomyia (Metaforcipomyia) cerifera. A, entire larva; B, sketch of living 
larva bearing wax; C, one of dorsolateral knob-like chaetae bearing wax cone; D, larval 
head and thorax; E, pupa, devoid of head; F, pupal prothoracic horn; G, female palp; 
H, male (left) and female antennae; I, spermathecae; J, larval prothoracic pseudopod; 
K, male genitalia. 
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the thoracic and anal segments (Fig. 11, A). The wide-apart a hairs and 
those on the anal segment secrete a white waxy substance forming an open- 
ended horn (Fig. 11, C); the contiguous a hairs secrete or collect from the 
atmosphere globules of liquid covered with wax powder (Fig. 11, B). 
Pseudopods as described in diagnosis. Cauda short, blunt. Cuticular 
armature lacking. . 

Pupa.—One exuvial skin only, imperfect (Fig. 11, E). Color pale ocherous 
throughout. Head and antennal cases lost. Thorax bearing four pairs of 
small spiny tubercles and one pair of large, setigerous tubercles above the 
prothoracic horns. Abdomen with few microchaetae only; terminal 
processes of female straight, equal in length to basal portion of segment. 
Prothoracic horns (Fig. 11, F) cylindrical, narrow, very slightly swollen at 
tip; about 12 spiracular papillae in a row across top and halfway down back 
of horn; felt chamber within presenting a squamous appearance. 

Female.—Length 1.3 mm. Wing 1.0 X 0.33 mm. Head brown, lighter 
on vertex, clothed with curved, finely plumose hairs; eyes black. Antennae 
brown basally, flagellum ocherous; segments described in diagnosis (Fig. 
11, H). Palps with short, stout third segment bearing sensorium of circum- 
scribed cluster of stalked sensillae; fourth and fifth segments completely 
fused (Fig. 11, G). Thorax brown on dorsum with pale median area and 
ocherous humeral angles, clothed with golden plumose hairs; pleura pale 
with light brown sclerites. Scutellum darker than rest of thorax. Legs 
strong ocherous, rendered dusky by presence of brown, narrowly squamous, 
striated, plumose hairs; those of last four tarsal segments paler. Wings 
densely clothed with dark, squamous, striated, plumose hairs, larger and 
denser on anterior veins; a pale area beyond tip of costa. Halteres, stem 
and knob, white, not chalky. Abdomen: tergites uniformly light brown; 
pigmentation of sternites broken in middle except on first and eighth; tergites, 
sternites, pleural membrane densely clothed with dark brown, squamous, 
striated, plumose hairs; cerci brown: Spermathecae two, unequal, pyriform, 
with moderate chitinization, duct unsclerotized (Fig. 11, I). 

Male.—Length 1.5 mm. Wing 0.9 XK 0.28 mm. Color similar to that 
of female. Genitalia: ninth segment half as long as wide; basistylar apodemes 
curving forward to join in flat-topped arch from which fused straight parameres 
extend back to tip of aedeagus; aedeagus with long, curving anterior horns, 
distal tip broadly bilobed, serrate, membranous; basistyles and dististyles 
normal asin Fig. 11, K. Two fine setae on inner surface of basistyles one-third 
of length from base seem to join under aedeagus, but this must be apparent 
rather than real. 

Holotype (9), allotype, and associated pupal exuviae—Rio de Janeiro, 
Brazil, August 1923, reared from larvae under rotting wood and under bark 
of logs in forest. 

Paratypes.—Four larvae, same date and location. 

Types deposited in National Collection, Ottawa. 
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SuBGENus Synthyridomyia SAUNDERS, NEW SUBGENUS 








This subgenus is newly formed to accommodate species that have been 
variously described under Forcipomyia, Thyridomyia, and Lasiohelea but are 
united by a common characteristic of the male genitalia as well as features of 
the early stages. Their closest affinity is with Thyridomyia (hence the choice 
of name) but they are discussed before that subgenus because the tarsal ratio 
fits there in the general sequence and because the larva still has a well developed 
antennal flagellum whereas it is greatly reduced or absent in the two succeeding 









subgenera. 
The early stages are known only for acidicola Tokunaga, which therefore 


becomes the type species although it is perhaps not as typical as others may 
prove to be, on account of its very specialized manner of life on the shores 
of a highly acidic volcanic lake in Japan. Larvae of an unknown species 
found in moss in Saskatchewan serve to broaden and substantiate the 
diagnosis. 











Diagnosis.—T.R. 2.1-2.6. Small flies, not longer than 1.5 mm. in body 
length. Female antennal segments subspherical basally, becoming gradually 
elongate distally without abrupt change between segments 10 and 11. Palpal 
segments 4 and 5 not fused, 3 with deep pit (moascari) or with surface group 
of capitate sensillae. Wings unadorned, moderately clothed with macrotrichia, 
no scales; costa ending about middle of wing, second radial cell open. 
Empodium long and slender between claws of both sexes. Spermatheca one. 
Male genitalia with club-shaped parameres extending backward from variously 
shaped basistylar apodemes; ninth sternum may be emarginate but never 
in the ‘“‘moorish arch’”’ of Thyridomyia. 















Larva.—Colorless or strong orange in the two species known. Head 
hypognathous, dark; antennae prominent with large basal tubercles placed 
high on frons; eyes large, with slender ocellar hair; vertex with paired blunt 
tubercles; frons wrinkled; no distinctive p or g hairs. Body segments with 
small dorsal and dorsolateral rounded tubercles bearing minute multiple 
chaetae; no a hairs or long setae. Prothoracic pseudopod large, undivided, 
bearing distally many slender and stouter hooklets disposed in several rows. 
Posterior pseudopod a transverse ridge bearing two rows of black hooklets. 
Cauda absent. 














Pupa.—Small tubercles on head, thorax, and abdomen, no long setae. 
Prothoracic horns slender, slightly enlarged distally to accommodate an 
ellipse of spiracular papillae whose roots meet centrally in a deep fissure. 
Male genital processes ventral. Exuviae not retained. 







Type species, Lasiohelea acidicola Tokunaga (29) = Forcipomyia (Synthy- 
ridomyia) acidicola. 
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Forcipomyia (Synthyridomyia) acidicola (Tokunaga) 1937 

Redescribed and figured partly after Tokunaga and partly from specimens 
kindly loaned by Dr. T. Esaki, Kyushu University, Japan. 

T.R. 2.0. 


Larva.—Length of larvae personally examined 3.3 mm. (Tokunaga reports 
“about 2.5 mm.’’). Body (Fig. 12, A) long, slender, tapering to posterior 
extremity; colorless. Segments bearing dorsal pair and dorsolateral pair of 
low setigerous tubercles, on pro- and meso-thorax somewhat more prominent, 
each with terminal multiple-tipped seta. Coarse, filiform cuticular armature 
throughout. Head small in comparison to body, dark brown; paired blunt 
tubercles on vertex; antennae large, with normal flagellum on broad, slightly 


f 


Fic. 12. Forcipomyia (Synthyridomyia) acidicola. A, entire larva; B, larval head; 
C, prothoracic pseudopod; D, pupa and prothoracic horn; E, spermatheca; F, female 
palp; G, female wing; H, female antenna; I, male genitalia; J, K, larva and larval 
head of Forcipomyia lavatlewidempia) sp. A. 
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wrinkled basal tubercle at top of frons; frons broadly wrinkled; chaetae few, 
small, as in Fig. 12, B. Prothoracic pseudopod (Fig. 12, C) a finely setigerous 
cushion bearing slender, hyaline terminal hooklets and shorter dark hooklets 
in two other rows. 

Pupa.—Length 1.9 mm. Fig, 12, D. Three small tubercles on operculum 
of head, one each on lateral sclerites; two pairs low, blunt tubercles on thorax; 
four pairs dorsal tubercles, ill-defined, on all abdominal segments except 
first and last. Prothoracic horns narrow at base, enlarging to moderate 
knob bearing ellipsoidal ring of about 22 spiracular papillae around a deep 
cleft or fissure. 

Female——Length 1.5 mm. Dark brown in ground color, with three black 
stripes on thorax. Basal antennal segments subspherical, elongating slightly 
distally without sudden increase at 11; ratio of eight basal to five distal 
segments 12:11 (Fig. 12, H). Palps with scarcely swollen third segment 
bearing group of capitate sensillae unenclosed, no pit; fourth segment very 
narrow at base, fifth short but distinct (Fig. 12, F). Wings hyaline, thinly 
clothed with small, suberect macrotrichia. Spermatheca subspherical with 
short neck. 

Male——Length 1.5 mm. Head black, thorax dull black, legs dark brown. 
Genitalia (Fig. 12, I): ninth sternum shorter than wide, without neck-like 
articulation; posterior margin broadly and deeply emarginate; basistyles 
tapered slightly, dististyles strongly tapered to fine, rounded tip; basistylar 
apodemes produced forward to squarely expanded extremities from which 
club-like parameres extend back beyond base of apodemes; aedeagus a 
transverse lobed bar from the side of which proceed back two tapering 
processes with sharp, outward-bent tips. 


Habitat—Among wet stones on the shore of a volcanic lake with the extreme 
acidity of pH 1.4; Honshu, Japan. 


Larvae and pupae lent to me for examination do not agree in all respects 
with Tokunaga’s descriptions and I suggest that some Japanese worker 
investigate the original habitat to determine whether two closely related 
species may be present. 


Species A 

Larvae of a species undoubtedly belonging to this subgenus were obtained 
in October and November, 1955, by Berlese funnel extractions from moss at 
Saskatoon, Canada, but owing to the lateness of the season no adults resulted. 
The larvae reached a length of 2.2 mm. and were light yellowish-brown in 
their subcutaneous fat body, darker under the thoracic tubercles. From 
Fig. 12, J and K, it will be seen that the head is not proportionately so small 
as in acidicola, it has the blunt tubercles on the vertex, a still more prominent 
antennal base, and the similarly wrinkled frons. The body bears similar but 
larger tubercles, but the cuticle is devoid of armature. The species will be 
described in full when adults become available. 
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Other Species 

The following species may be recognized as belonging to this subgenus by 
the typical parameres figured in the male genitalia; in no case are the early 
stages known: 

Ceratopogon murinus Winnertz, 1852; Europe (26) 

Forcipomyia corsoni Macfie (17); Tanganyika 

Forcipomyia knockensis Goetghebuer (8); Europe 

Forcipomyia tenuiforceps Macfie (19); Brazil 

Forcipomyia longitarsus Tokunaga (30); Japan 

Forcipomyia kit Tokunaga (30); Japan. (? Drum sticks replaced by 
pointed, twisted parameres) 

Forcipomyia moascari Macfie (21); Egypt, 

Thyridomyia colemani Wirth (32); California, 

Thyridomyia sanctaeclarae Wirth (33); Juan Fernandez Islands. 


SUBGENUS Thyridomyia SAUNDERS, 1925 


Erected as a genus to accommodate the newly discovered palustris and 
the older frutetorum, the group now falls naturally into place as another 
subgenus of Forcipomyia. Whereas early stages were known only for palustris 
in 1925, I now have larvae of two other species from which to determine 
the variable and constant characters of the group. 

Diagnosis.—T.R.2.3-2.9. Basal antennal segments of female subspherical, 
slightly transverse; moderate elongation of segments at 11 instead of at 10. 


Wings unadorned, densely clothed with unflattened .macrotrichia; costa 
reaching beyond middle of wing, second radial cell open, short; first closed, 
longer than in Trichohelea. One spermatheca. Empodia well developed in 
both sexes. Male genitalia with elongated ninth segment bearing membranous 
window of variable shape but usually like Moorish arch; forward-directed 
basistylar apodemes with triangular expansions in frontal plane which may 
or may not join medially; no backward-directed parameres. 

Larva.—Head hypognathous; eyes comparatively large; antennae reduced 
to basal ring or higher tubercle filled by chitinous disk which is flanked by 
extremely reduced flagellum. Prothoracic pseudopod an undivided cushion 
bearing three pairs of apical hyaline hooklets and other smaller, darker 
hooklets; or divided, as in manner of subgenus Forcipomyia, with few hooklets 
on each ramus. Body segments with prominent chaetigerous processes or 
with small, low tubercles bearing microscopic multiple chaetae. Cauda 
absent. 

Pupa.—Head, thorax, abdomen with only small papillae. Prothoracic 
horn broad distally with narrow base; multiple spiracular papillae in row 
across end. Male sexual processes ventral. 

The type species, Forcipomyia (Thyridomyia) palustris Saunders was 
described in detail in an earlier paper (26) and need not be redescribed here; 
Fig. 13 shows all the essential characters of the species. The larvae occur on 
rotting, moss-grown wood in Great Britain. Identical larvae taken sparingly 





CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 


Fic. 13. Forcipomyia (Thyridomyia) palustris. A, entire larva; B, larval head; 
C, prothoracic pseudopod; D, pupa and prothoracic horn; E, female antenna; F, female 
palp; G, third palpal segment of female Forcipomyia (Thyridomyia) monilicornis; H, 
spermatheca; I, male genitalia. 


on rotting wood at Nanaimo, B.C., Canada, in July, 1926, produced adults 
indistinguishable from the British palustris. However, larvae found in 
mossy situations at Saskatoon, Canada, September and October, 1955, 
developed into adults identical except for the third palpal segment (Fig. 13, G) 
which fits Coquillet’s description of monilicornis (4). Careful comparison 
of all stages fails to reveal any other distinction and the question arises 
whether there can be two species with identical larvae so elaborately spiny, 
separated only by the third palpal segment of the adults (both sexes show 
this character). If palustris should be reduced to synonymy with the older 
monilicornis, the problem of the two types of palpi still,remains and I refrain 
from taking the step until further geographical and morphological examination 
can be made. Dr. Wirth reports that the Washington collection has a few 
specimens of the palustris type as against many monilicornis. If students 
of the group will study their local species, the data so accumulated may throw 
some light on an anomalous situation. The orange-colored larvae are best 
extracted from moss by Berlese funnel and are easily reared on moss in vials. 

Specimens of Canadian palustris and monilicornts, all stages, deposited in 
National Collection, Ottawa, and U.S.N.M. 


Forcipomyia (Thyridomyia) aspinosa Saunders, new species 


T.R. 2.3. A very small, brown, short-haired fly, obtained only by rearing. 
Larva.—Length 2.0 mm. Head black; body strong orange-red in definite 
pattern on thorax; abdomen with two transverse bands on each segment 
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except last, which has one. Head (Fig. 14, C) short, broad, with two pairs 
low, elongate tubercles on vertex, one longer median on frons; p hairs broad, 
flanged, with asymmetric, feathered tip; g hairs simple; ocular seta on inner 
margin of eye; antennae placed closer up to eye than in other known species, 
consisting of moderately high basal tubercle, its open end filled by rounded 
chitinous disk flanked by flagellum similar in shape to that of larvae of the 
subgenus Forcipomyia but exceedingly diminutive (Fig. 14, Mz). Body 


Fic. 14. Forctpomyia (Thyridomyia) aspinosa. A, entire larva; B, anterior and 
posterior regions of larva; C, larval head; D, prothoracic pseudopod; E, pupa and 
prothoracic horn; F, male genitalia; G,spermatheca; H, female palp; I, female antenna; 
Forcipomyia (Thyridomyia) sp. A.; J, entire larva; K, larval head; L, prothoracic 
pseudopod; M, comparison of larval antennae; x, palustris; y, sp. A.; 2, aspinosa. 
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segments with small, low tubercles; two pairs on prothorax bearing multiple, 
“torch-like” chaetae (Fig. 14, B), dorsal mesothoracic pair similar, other 
dorsal tubercles with the most infinitesimal multiple chaetae. Prothoracic 
pseudopod short, broad, undivided, furnished with three pairs distal hyaline 
hooklets arising from common base and two rows smaller black hooklets, 
eight in each row (Fig. 14, D). 

Pupa.—Length 1.5mm. Color orange-red like the larva, thorax uniform, 
abdomen banded, head pale yellowish, unpigmented. Thorax with low 
dorsal tubercle, one pair large, one smaller, surrounded by coarse cuticular 
armature; abdominal terga with four pairs small, toothed, scale-like tubercles 
(Fig. 14, E). Prothoracic horns short, broad, rather square-ended; eight to 
nine spiracular papillae in curved row across top. 

Female.—Length 0.8 mm. Wing 0.62 X 0.35 mm. Internal ground 
color dull orange-brown. Face orange-brown, vertex brown, eyes black; 
antennae hyaline shading to black tip; palps pale. Thorax brown dorsally, 
including scutellum and postscutellum, macrochaetae shining, golden; pleura 
with few sclerites faintly pigmented. Wings uniformly pale gray-brown, 
well haired. Legs pale throughout. MHalteres white. Abdominal tergites 
brown, sternites faintly pigmented. Antennal segments subspherical, last 
four longer; hyaline sensory hairs short, curved (Fig. 14, I). Palps with 
third segment swollen near base, bearing circular sensorium sharply confined 
containing short setal sensillae (Fig. 14, H). Spermatheca rounded, with 
long tapering neck (Fig. 14, G). 

Male.—Length 1.1 mm. Wing 0.8 X 0.3 mm. Head, thorax shining 
black except for pleural triangle orange-brown; macrochaetae golden. 
Antennal plume black to hoary tip. Legs pale, colorless. Wings clear, less 
hairy than in female. Abdomen dark orange-brown, dusky above. Genitalia 
(Fig. 14, F): ninth sternite slender but still slightly wider than long, with 
well-marked neck and typical broad ‘‘Moorish arch’’ window on ventral 
surface. Triangular expansions of basistylar apodemes bent forward at inner 
points, not joined. Transverse bar front margin of aedeagus extended 
laterally into strongly recurved hooks; sides of aedeagus formed by chitinized, 
sinuous bars which overlap slightly, not joining. Dististyles slender, 
constricted somewhat in middle. 

Holotype (9), allotype, and associated exuviae.—Saskatoon, Canada, 
October 20, 1955, reared from larvae extracted from moss by Berlese funnel. 

Paratypes.—One larva, same data as holotype. 

Types deposited in National Collection, Ottawa. 

The larva of this species shows very close affinities with those of Synthy- 
ridomyia; it has the ocular seta of that group, the same low body tubercles 
with very short multiple chaetae, and the antennae with large base are nearer 
the high position seen in Synthyridomyia. The diminutive flagellum keeps 
the species in Thyridomyia, but it is larger than in the two other known 
larvae, in fact this species first revealed that the microscopic structure beside 
the chitinous disk was a flagellum. 
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Species A 

Larvae of a third species were taken sparingly in September and October, 
1955, in mossy situations around Saskatoon, Canada, but nothing would 
induce them to pupate. Their color is orange-brown like so many moss- 
inhabiting species and they have well developed setigerous processes all 
along the body, though these are not as prominent as in. palustris. One 
remarkably aberrant feature is the divided prothoracic pseudopod, a condition 
not seen outside the subgenus Forcipomyia before this. Larval details are 
figured in Fig. 14 and the species will be described in full when adults are 
reared. 


Other Species 

From published figures of the male genitalia it is possible to allocate the 
following species to Thyridomyia: 

Ceratopogon frutetorum Winnertz, 1852; Europe (26) 

Forcipomyia aethiopiae Ingram and Macfie (10); Africa 

Lasiohelea nana Macfie (20); Africa 

Forcipomyia kitasirakawae Tokunaga (30); Japan 


SUBGENUS T richohelea GOETGHEBUER, 1920 


Although many species have been described under Kieffer’s genus A pelma, 
the name is preoccupied by a genus of beetles near Donaceus in the Chrysome- 
lidae (2), so Goetghebuer’s synonym Trichohelea must be adopted in its place. 


The group was discussed in all stages by the present author (26), who first 
described larvae and pupae, and four new species are added in the present 


paper. 

Early stages of the European species have never been found, but all tropical 
species known to date restrict their breeding location to water-holding plants: 
Dracaena in Africa (9), bromeliads in the Neotropics (26), Calocasia in the 
Far East (24), and Pandanus in the Pacific (22). The larva lives a truly 
aquatic life submerged in water between closely appressed leaf surfaces; the 
absence of overlapping leaves in Nepenthes possibly accounts for their absence 
in this and other pitcher plants. The pupa sheds the larval skin completely 
and leads an active, submerged life until the imago is ready to emerge, when 
vigorous writhing motions bring it up out of the water. In development 
Trichohelea is much slower than other Forcipomyias, and they may have to 
be kept for weeks in a glass vial with pieces of the original leaf and its water. 

Diagnosis.—T.R. 2.0-3.2. Basal flagellar segments of female antenna 
compressed. Wings thinly scaled, iridescent, unmarked; costa reaching 
well beyond middle of wing; second radial cell open, longer than in subgenus 
Forcipomyia. Empodium present between claws of female, usually absent 
or vestigial in male, but fully developed in a few species. Spermathecae two. 
Male genitalia: ninth sternite broad, short; parameres spoon-shaped, joined 
by crossbar, extending back from forward-projecting basistylar apodemes, 
the whole making an internal chitinization roughly H-shaped; aedeagus 
shield-shaped, variable. 
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Larva.—Head flattened, roughly rectangular with ratio of length to width 
variable between species, prognathous; antennae reduced to circular 
“windows” on front corners of head, containing minute sensoria. Body 
elongate, vermiform, dorsoventrally flattened, with many fine lateral chaetae, 
often ‘‘finned”’, few dorsal; characteristic dorsal pair of chaetae arising from 
sclerotized crossbar on posterior margin of penultimate segment; cuticle 
devoid of armature. Prothoracic pseudopod conical, bearing many curved, 
hair-like hooklets beyond a row of short, stout hooks. Anal pseudopod a 
transverse row of 10 black thorn-like hooks and a second row of eight slender, 
hyaline hooklets, the outermost usually stouter and serrate on inner surface. 
Body ending in a dorsal, median, bluntly conical point not turning up but 
still to be regarded as a cauda. Anal blood gills two pairs, bifurcate, fine, 
pointed. 

Pupa.—-Elongate, agile, never retaining larval exuviae. Chaetae few to 
none on thorax, numerous spines and short chaetae on sides of abdomen. 
Terminal rami wide-spaced, short, with small chaeta on outer surface; genital 
processes of male ventral. Prothoracic horn small, narrow base, with 
U-shaped row of spiracular papillae at tip. 

Specimens are not available to me for redescription of the type species 
auronitens Kieffer (14); in any case only the male is known. The four 
new species described below represent typical and somewhat atypical examples 
within the subgenus. 


Forcipomyia (Trichohelea) caribbeana Saunders, new species 
T.R. 2.7. All the black-headed larvae taken in epiphytic bromeliads in 
two islands of the Caribbean and in British Guiana belonged to this species. 
Larva.—About 4.1 mm. when full grown; markedly flattened dorsoventrally. 
Head black, elongate-oblong, length 1.45 times width, with two pairs long, 
fine chaetae on sides and one dorsal pair just in front of eyes (Fig. 15, E). 
Body segments with three pairs lateral “finned” chaetae, the number reduced 
to one pair on prothorax and two on meso- and meta-thorax. Single pair 
fine dorsal hairs on all segments except prothorax (Fig. 15, A). The usual 
pair long fine dorsal chaetae arising from transverse bar on posterior margin 
of penultimate segment. Posterior pseudopod (Fig. 15, B) consisting of five 
pairs stout black hooks and four pairs posterior slender, hyaline hooklets, 
the outermost pair stouter, darker, serrate for short portion of under surface. 
Pupa.—Length 2.5 mm. Head with two papillae on front of median 
triangle. Dorsum of thorax with two pairs minute setae in ring-like tubercles. 
Abdominal segments with prominent lateral double setigerous tubercles, a 
single pair of minute dorsal setae (Fig. 15, G). Prothoracic horn small, 
narrow, slightly imbricated, with eight small spiracular papillae in U-formation 
on tip (Fig. 15, F). 
Female.—Length 1.2 mm. Wing 0.8 KX 0.3 mm. A small, dark, hairy 
fly. Antennae with first four flagellar segments compressed, next four about 
as wide as long, last five elongate, about twice as long as preceding; hyaline 
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sensory hairs long, fine (Fig. 15, I). Palps with short, stout third segment 
bearing cluster of short, knob-like sensillae; last segment smaller than penulti- 
mate (Fig. 15, H). Head and thorax dark, dusky, with light scutellum; 
faint replica of male pleural pigmentation. Legs pale grayish, unmarked. 
Abdomen solid dark above; cerci pale. Spermathecae comparatively large, 
subspherical, ducts unsclerotized (Fig. 15, J). 
Male.—Length 1.3 mm. Wing 0.8 X 0.2 mm. Coloration as in female 
but with strong pleural markings (Fig. 15, K). Genitalia: ninth sternite 


Fic. 15. Forcipomyia (Trichohelea) caribbeana. A, entire larva; B, anal pseudopod, 
ventral aspect; C, last three larval body segments, with details of chaetae; D, prothoracic 
pseudopod; E, larval head; F, pupal prothoracic horn; G, pupa; H, female palp; I, 
female antenna; J, spermathecae; K, pleural thoracic pigmentation of male; L, male 
genitalia; ae, aedeagus; ap, apodeme; pa, paramere. 
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half as long as wide; aedeagus subtriangular with tip broadly truncate; lateral 
curved ridges; lacking the usual horn-like anterior extensions; parameres 
curving, spoon-shaped; basistyles narrow; dististyles as long as basistyles, 
curved at tip, dark (Fig. 15, L). 

Holotype (9), allotype-—Mount St. Benedict, Trinidad, B.W.I., May 12, 
1953, reared from larvae in fallen epiphytic bromeliad in forest. 

Paratypes.—Three 2 9, three pupae, 12 larvae, same data as type; three 
2 9, three oo’, one pupa, nine larvae, ex fallen epiphytic bromeliads in 
Botanical Gardens, Georgetown, British Guiana, May 20, 1953; two 9 9, 
one o’, two pupae, 10 larvae, ex epiphytic bromeliads, Bartica, British Guiana, 
May 18, 1953; two oc’, one pupa, one larva ex epiphytic bromeliads, 
Tobago, B.W.I., May 30, 1953. 

The larvae taken at Bartica, B.G., had light yellow heads darkening to 
brown towards the mouth parts instead of the black heads of all other larvae. 
Since no other character differed in any stage, this must be regarded as a local 
race rather than a distinct species. 

Types deposited in National Collection, Ottawa, Paratypes in U.S.N.M. 

The species is closest to Apelma edwardsi Saunders (26), an inhabitant of 
terrestrial bromeliads in Brazil. Both species have “‘finned’’ lateral chaetae 
and black heads in the larva, but the head is shorter in caribbeana (head 
ratio 1.45 compared with 1.7 in edwardsi). The female palp in edwardsi 
has a sensorium in the form of a chitinized sunken cylinder rather than the 
usual group of capitate sensillae as found in caribbeana. 


Forcipomyia (Trichohelea) oligarthra Saunders, new species 

T.R. 2.8. A species taken in water held by leaves of pineapple and other 
terrestrial bromeliads from Mexico through Cuba and Puerto Rico to British 
Guiana. Its most distinctive character is the reduced number of flagellar 
segments in the female antenna. 

Larva.—About 4.2 mm. when full grown; strongly flattened dorsoventrally. 
Head yellow-brown, comparatively short, with rounded sides; length 1.3 
times width; chaetae all short, disposed as shown in Fig. 16, B. Body 
segments with fine, simple lateral hairs, four pairs long, two pairs short, 
arranged as shown in Fig. 16, A. The slender chaetae arising from sclerotized 
bar at posterior margin of penultimate segment short, not extending beyond 
end of body. The usual two pairs short, serrate, blade-like modified chaetae 
on end of last segment; an unusual pair of short, stout chaetae flanking the 
median conical tip of body. 

Pupa.—Length 2.2 mm. Closely conforming to type for this subgenus. 
Fine chaetae and setigerous tubercles disposed as in Fig. 16, C. Prothoracic 
horns small, slender, slightly imbricated, bearing about 10 spiracular papillae 
in U-formation at tip. 

Female.—Length 1.2 mm. Wing 0.8 X 0.3 mm. A small, dark, hairy 
fly with dark palps and antennae, pale face and humeri. Antennae with 
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Fic. 16. Forcipomyia (Trichohelea) oligarthra. A, last three larval body segments; 
B, larval head; C, pupa; D, spermathecae; E, pleural thoracic pigmentation of female; 
F, female antenna; G, female palp; H, male genitalia. 


only nine flagellar segments instead of the usual 13 (hence the specific name) ; 
five sets of chaetae on the first flagellar segment indicate that it is an 
amalgamation of the normal first five segments (Fig. 16, F); hyaline sensory 
hairs short. Palps with short, broad, third segment bearing deep-set 
cylindrical chitinous sensorium (in some specimens all segments somewhat 
more elongate than in the type figured) (Fig. 16,G). Thorax shining, uniform 
dark gray above, with humeri, lateral crescent, and scutellum pale yellowish. 
Pleural pigmentation scattered (Fig. 16, E). MHalteres white. Abdomen 
black above on all segments; sternites complete, gray. Cerci dusky. 
Spermathecae subspherical, subequal, strongly pigmented, short collar of 
duct sclerotized (Fig. 16, D). 

Male.—Length 1.4mm. Wing 0.9 X 0.26mm. Coloration as in female. 
Genitalia: ninth sternite short, width slightly more than twice length; aedeagus 
broadly shield-shaped with lateral lobed expansions; parameres the usual 
curved, spoon-like structures, but notched and double pointed; basistyles 
narrow, dististyles as long as basistyles, with blunt, curved tip; pale (Fig. 
16, H). 

Holotype (2), allotype-—Corcega Beach, Puerto Rico, February 22, 1953, 
reared from larvae in leaf axils of terrestrial bromeliads, Bromelia pinguin. 

Paratypes.—Eight 9 9, one a’, five pupae, five larvae, same data as type; 
one pupa ex leaf axils pineapple, Mayaguez, P.R., March 15, 1953; nine 2 9, 
11 oo, seven pupae, 26 larvae ex pineapple, Plymouth, Montserrat, B.W.I., 
April 12, 1953; seven 9 9, five oc’, four pupae, two larvae ex pineapple, 
Roseau, Dominica, B.W.I., April 17, 1953; three 2 9, one o, two pupae, 
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three larvae ex pineapple, Bartica, British Guiana, May 20, 1953; two 9 9, 
one o’, three pupae, five larvae ex pineapple, Atkinson Airport, British 
Guiana, May 22, 1953. 

Other material.—In U.S.N.M. collection: one lot each of larvae and females 
from Mexico; two lots of larvae from Cuba. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

It must be merely coincidence that the fusion of female antennal segments 
occurs in another pineapple-inhabiting species, Johannsen’s brevis (11). 
Johannsen published no figures, but he describes the large “‘second’’ segment 
and designates the tenth as terminal. Thanks to the loan of paratypes from 
U.S.N.M., I have been able to determine that the chaetotaxy of the larva 
and the nature of the female palp, besides minor differences in the pupa, 
render the two species quite distinct. 


Forcipomyia (Trichohelea) antiguensis Saunders, new species 

T.R. 2.0. Reared with difficulty from numerous larvae in epiphytic 
bromeliads growing low down on small manzanita trees at the head of Falmouth 
Harbour, Antigua, B.W.I. A small species showing no unusual features 
except that the tarsal ration is the lowest in the subgenus as known at present. 

Larva.—Length 4.0 mm. Head pale yellowish brown, sides rounded, 
length 1.45 times width; chaetae fine, medium length (Fig. 17, B). Chaetae 
of body segments numerous, fine, simple: three pairs long lateral chaetae 
arising from small papillate outgrowth of body wall, other shorter setae as 
shown in Fig. 17, A. 


Fic. 17. Forcipomyia (Trichohelea) antiguensis. A, last three larval body segments; 
B, larval head; C, anterior portion of pupa and last segment; D, pupal prothoracic horn; 
E, female antenna; F, female palp; G, spermathecae; H, male genitalia; I, dorsal thoracic 
pigmentation of female. 
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Pupa.—Length 2.4 mm. The usual slender, agile pupa. Two small 
papillae on front of median head triangle; thorax devoid of chaetae or papillae; 
abdomen with prominent lateral and ventrolateral chaetae; three cuticular 
markings occur in the middle of most segments. A feature distinct from 
most other species known at present is the length of the chaetae situated on 
the outside of the terminal rami: these extend beyond the rami for half their 
length, whereas the tip is barely reached in most other species (Fig. 17, C). 
Prothoracic horn stout, curved, with narrow base; about 16 small spiracular 
papillae in unequal U-shaped disposition around tip (Fig. 17, D). 

Female.—Length 1.1 mm. Wing 0.7 XK 0.3 mm. A dark, dusky fly 
with the usual solid dark abdominal tergites, pale, unmarked wings and legs; 
distinctive dorsal thoracic pigmentation pattern as shown in Fig. 17, I, with 
pale scutellum except extreme sides; pale creamy halteres. Antennal basal 
flagellar segments not as strongly compressed as in most species, hyaline 
sensory hairs slender, comparatively straight (Fig. 17, E). Maxillary palps 
short, stout in all segments, third bearing few capitate sensillae in flat ring 
sensorium (Fig. 17, F). Spermathecae small, subequal, globular, no sclero- 
tization of ducts (Fig. 17, G). 

Male.—Length 1.3 mm. Wing 0.88 X 0.27 mm. Color as in female, 
with strong pleural thoracic pattern, which, however, is less specific than the 
dorsal pattern. Genitalia: aedeagus shield-shaped with tip broadly truncate, 
appearing cylindrical or piston-like; parameres broadly spoon-shaped; 
dististyles as long as basistyles, with slender waist and curved, slightly clubbed 
extremity (Fig. 17, H). 

Holotype (2), allotype—Falmouth Harbour, Antigua, B.W.I., May 6, 
1953, reared from larvae in epiphytic bromeliads. 

Paratypes——Two oc’, five pupae, many larvae, same data as type. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

DeMeillon’s natalia (5) shows even longer terminal chaetae on the pupa, 
and in other respects is specifically distinct. The ‘“‘clover-leaf’’ cuticular 
markings on the pupa are found in magna Saunders (26) but again there is no 
question of conspecificity. 


Forcipomyia (Trichohelea) jocosa Saunders, new species 


T.R. 2.4. In all three stages this species seems to be playing a joke on the 
systematist by displaying strange morphological features, hence the specific 
name. Reared from the water held in the axils of the leaves of pineapples 
and other terrestrial bromeliads in Trinidad. 

Larva.—Length 5.0 mm. Head pale yellow-brown, sides rounded, length 
1.47 times width; fine, short setae on sides and dorsal surface (Fig. 18, B). 
Chaetae of body segments typically four pairs, fine, short, not “finned”, 
disposed as shown in Fig. 18, A: the pair arising from transverse bar on 
penultimate segment short, barely extending beyond end of body; one pair 
modified chaetae on tip of body, not blade-like but swollen basally, papillate, 
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Fic. 18. Forcitpomyia (Trichohelea) jocosa. A, last three larval body segments and 
detail of modified chaeta; B, larval head; C, posterior aspect of anal segment of larva, 
blood gills retracted; D, anterior portion of pupa and prothoracic horn; E, spermathecae; 
F, female antenna; G, female palp; H, pleural thoracic pigmentation of male; I, male 
genitalia. 


as shown in Fig. 18, A. Cauda also swollen, papillate instead of the usual 
smooth cone. The most drastic departure from normal Trichohelea larvae 
lies in the modified anal pseudopod and end of body: the body is squarely 
truncate, forming a terminal disk rimmed with four pairs of comb-like plates 
projecting outwards, one pair lateroventral papillate prominences, and one 
median ventral pad or cushion bearing symmetrically disposed black studs. 
The hooklets of the usual pseudopod are ranged up both sides of the disk as 
four inner and four outer pairs of slender, hyaline, serrate hooklets (Fig. 18, C). 
The prothoracic pseudopod departs from normal in bearing only four pairs 
of long, slender, hyaline hooklets below the usual mass of hair-like hooklets, 
instead of six. 


Pupa.—Length 2.1 mm. The unusual feature of the pupa is a large 
spherical, spinose tubercle on the apex of the median triangle of the head, 
in addition to a pair of small spinose tubercles on the front margin (Fig. 18, D). 
Most abdominal segments bear a dorsal pair of cuticular spines in addition to 
the usual lateral chaetae. The setae on the outside of the terminal rami are 
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reduced almost to elimination. Prothoracic horn slender, with about 11 
spiracular papillae in U-shaped arrangement at tip (Fig. 18, D). 
Female.—Length 1.4 mm. Wing 0.9 XK 0.36 mm. A very dark, dusky 
fly with dark humeri and scutellum, dusky halteres. Basal antennal segments 
strongly compressed, last five segments 2.5 times length of first eight; hyaline 
sensory hairs short, curved (Fig. 18, F). The unusual feature in the adults 


Parameres Larval Last Pupal 
T.RE in ¢ Larval Head | Prothoracic Larval Respiratory 
Genitalia Pseudopod Segment 


FORCIPOMYIA 


PROFORCIPOMYIA 
CALOFORCIPOMYIA 


METAFORCIPOMYIA 


SYNTHYRIDOMYIA 


THYRIDOMYIA 
TRICHOHELEA 


Fic. 19. Synoptic table comparing six salient features characterizing the eight 
subgenera of Forctpomyia described above. 








704 CANADIAN JOURNAL OF ZOOLOOY. VOL. 34, 1956 


is the maxillary palp, which is elongate, slender, with the last two segments 
completely fused; a shallow cylindrical sensorium near tip of third segment 
bears very few capitate sensillae (Fig. 18, G). Spermathecae subequal, 
pyriform, ducts unsclerotized (Fig. 18, E). 

Male.—Length 1.5 mm. Wing 0.9 X 0.3 mm. A dark fly like the 
female, but with more distinct pleural pigment pattern (Fig. 18, H). The 
‘joke’ in the male, besides the abnormal palp, is the presence of well developed 
empodia between the claws. Genitalia: ninth sternite very short, length 
less than half width; basistyles narrow, slender; dististyles stout, curving 
slightly to flattened tip, shorter than basistyles; aedeagus with moderate, 
blunt anterior horns, tip divided into two lobes sending back broad surface 
ridge; parameres broadly spoon-shaped (Fig. 18, I). 

Holotype (2), allotype-——Mount St. Benedict, Trinidad, B.W.I., May 13, 
1953, reared from the terrestrial Bromelia pinguin. 

Paratypes.—Seven 2 9, one o’, two pupae, six larvae in Bromelia pinguin 
and pineapple, same data as type. Two larvae found in fallen epiphytic 
bromeliads among caribbeana larvae suggest that jocosa may not be restricted 
to terrestrial hosts, but non-fallen specimens were too high out of reach to be 
checked. 

Types deposited in National Collection, Ottawa. Paratypes in U.S.N.M. 

Larvae of comis Joh. (12, 24) approach the condition found in the tail end 
of jocosa, the body being apparently truncate and the disk so formed being 
rimmed with minute combs; the ventral median studded pad is also present. 
But the cauda is normal and is flanked by the usual pairs of blade-like chaetae. 

Another larva with this type of posterior extremity is Tokunaga’s crinume 
(28). Here the cauda is still larger and ‘‘pineapple-like’’; the ventral studded 
pad is tightly packed with rounded papillae; but the disk is not rimmed with 
combs. It may be significant that crinume males are like jocosa in having 
fully developed empodia, but empodia are lacking in comis males, so their 
presence cannot invariably be associated with this type of larval tail end. 

Still another larva of this type has been collected from Heliconia flowers in 
Puerto Rico (U.S.N.M), but adults were not reared so it is impossible to 
check males for empodia. 
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BEHAVIOR AND FUNCTION OF LYMPHOCYTES IN RELATION 
TO THEIR BASIC NUCLEAR UNITS! 


By VIBEKE E. ENGELBERT? 


Abstract 


This paper records a discovery of basic, partially independent nuclear units 
that lie within a common nuclear membrane of some vertebrate cells. The cells 
concerned are found in series from small (1-2 yu) to large (10-15 wor more). The 
smallest cells possess one basic nuclear unit, the larger cells have several. The 
series of cells from small to large represent stages of a life cycle. Certain of the 
basic nuclear units act as reproductive organelles and certain large cells are 
parent cells producing new small cells thus closing one life cycle and starting 
another. The large cells are formed from the small cells through a series of 
fusions. The basic nuclear units behave similarly to micronuclei, the repro- 
ductive organelles in ciliates, but the fusions of the vertebrate cells are per- 
manent, not temporary unions such as conjugation in ciliates. 


The discovery of the basic nuclear units and their role in the life cycle 
of some vertebrate cells has given rise to a new concept of blood cell cyto- 
genesis. The individual chromatin lumps characteristic of the nuclei of 
lymphocytes are found to be separate entities, the basic nuclear units upon 
which blood cell cytogenesis depends. 

The small lymphocyte (4-6) is found to be the key cell in reproduction 
of blood cells. Two small lymphocytes move together and establish close 
contact. The contact becomes permanent as a projection of nucleoplasm 
that extends out from each of them joins forming an internuclear bridge. 
As soon as contact is made between the two cells their basic nuclear units 
begin a series of divisions that increase the number of units but decrease 

- their individual sizes. These divisions eventually lead to formation of new 
cells. 


Introduction 


The nature and potential of lymphocytes have presented an important 
problem for a long time to workers in many fields. Lymphocytes were 
shown to transform into other cells by Metchnikoff (28), Downey and 
Weidenreich (7), Maximow (26), Bloom (1), Rebuck (31), Kolouch (21), 
Weatherford (37) and others. It has been claimed that besides having 
the cytogenic potential, lymphocytes also produce nutritive proteins. 
Downey and Weidenreich (7) showed that the lymphocytes released small 
bits of cytoplasm in normal rabbits and other animals, but when rabbits 
were injected with foreign protein, the lymphocytes of the spleen exhibited 
a considerable increase in number of pieces of cytoplasm released over the 
normal. The ‘‘abgeschniirte plasmateils’’ described by Downey and Weiden- 
reich are evidence for the shedding or budding process by lymphocytes 
which has been the subject of much discussion in recent years. Williamson 

1Manuscript received August 8, 1956. 


Contribution from Department of Zoology, University of Toronto, Toronto, Ontario. 
2Assistant Professor of Histology, Department of Zoology, University of Toronto. 
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(41) demonstrated production of cytoplasmic bodies by lymphocyt2s. White 
and Dougherty (39), Ehrich (10), and Ehrich and Harris (11) believed the 
lymphocytes distribute nutritive and antibody proteins. Rich, M.R. Lewis, 
and Wintrobe (32) showed that lymphocytes proliferated very promptly 
following injections of foreign protein into rabbits. 

Association between lymphoid tissue and the adrenal cortex was suggested 
in early descriptions of Addison’s disease. White and Dougherty (39) 
reported in 1946 a decrease of lymphoid tissue in mice following injections 
of adrenotropin. These authors claimed that dissolution of small and medium- 
sized lymphocytes took place within an hour after injection. By dissolution 
these authors mean disintegration of lymphocytes as well as shedding of their 
cytoplasm. Dougherty (4) reviewed papers dealing with the effect of 
hormones on lymphatic tissue and described ‘‘lymphopenic response’’. 
Dury (8) reported in 1950 the relationship of the leucocytes of rats to the 
adrenal gland and the spleen. He found that “‘absence of the spleen presents 
the typical response of the lymphocytes and neutrophiles to adrenalin 
injections’. The typical response is a decrease in lymphocytes and an in- 
crease in neutrophiles. Heilmann (17) added cortisone to the medium in 
which he cultured explants of mammalian lymphoid tissue and reported an 
increase in lymphocyte degeneration. Frank and Dougherty (14) in 1953 
reported on the use of cortisone and hydrocortisone on human lymphocytes 
cultured in vitro. They claimed that ‘‘budding of lymphocytes’ occurred 
some minutes after administration of cortisone and that vacuoles developed 
later. Gordon (15) concluded ‘‘that the endocrine system plays a role in 
the regulation of the number of leukocytes within the circulation through 
influences exerted upon their production by the bloodforming organs, their 
distribution in the tissues and their eventual disposal’. The author showed 
in 1953 (12) that lymphocytes released their substance in a special way 
through the formation of tubes, which are formed by the cell membrane, 
and that the cell itself is not damaged by the release of substance. This 
process of release is not a breakdown process but the normal behavior of 
lymphocytes. 

Lymphocytes seem very sensitive to effects of radiation. Murphy, Liu, 
and Sturm (29) reported rapid disintegration. Suter (35) claims that as 
little as 25 r. produces “‘unquestionable falls when counts were taken twenty- 
four hours after radiation”’. 

Humble et a/. (18) reported that the effects on lymphocytes of therapeutic 
irradiation on humans ‘‘are produced by destruction or modification of the 
structure producing lymphoid cells’’. 

Every worker who has observed blood of individuals undergoing radiation 
would no doubt admit that a form of disintegration of lymphocytes takes place. 

The development of blood cells has been associated for many years with 
lymphoid cells but as far as the author knows the mechanism of the develop- 
ment has never been understood. Downey (5, 6) defines the myeloblast of 
Naegeli as “the undifferentiated non-granular, 'vmphoid ‘‘stem cell” of the 
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red bone marrow which functions as the indifferent, polyvalent parent cell 
of all the ‘‘myeloid’”’ elements’. Downey further states ‘‘the hemocytoblast 
of Maximow and Danchakoff and the lymphoid hemoblast of Jordan and 
Latta are polyvalent large lymphocytes. A cell of myeloblastic structure 
is not recognized. The hemocytoblast of Ferrata is identical with Naegli’s 
myeloblast, but it may produce lymphocytes when in lymphoblastic function 
and it occurs in normal lymphatic tissue as well as in the marrow.”’ 

The important points in the above in connection with the present paper 
are the recognition of a stem cell that firstly is lymphoid in character, that 
secondly is polyvalent, and that thirdly occurs in normal lymphatic tissue 
as well as in bone marrow. 


Materials and Methods 
Materials 

Thymi and spleens of mammals and chick embryos have provided most 
of the material, but during the last year human peripheral blood has also 
been used. 

About 60 chick embryos of Leghorn farm stock of ages 13-20 days provided 
the bulk of the material used in the early experiments. Mammals have 
been used exclusively for the last three years and about 60 rats of Wistar 
strain, 34 albino mice, and 60 rabbits of farm stock have supplied the thymi 
and spleens. Leukemic mice of AKR stock purchased from the Roscoe B. 
Jackson Memorial Laboratory, Bar Harbor, Maine, U.S.A., are kept in a 
small colony and about 20 animals have been used so far. A few pieces of 
thymi of human infants were obtained from operations. 


Methods 

The small mammals were killed with illumination gas and also by neck 
fracture. The rabbits (900-2000 gm. in wt.) were killed by intravenous 
injections of 2-5 cc. of 1% of Ibatal (sodium pentobarbital U.S.P. XIV 
from Ingram and Bell, Toronto) in distilled water and also by neck fracture. 


Some samples of spleen were obtained from biopsies on rabbits. These 
rabbits were anaesthetized by 13-2 cc. of 1% Ibatal injected intravenously. 
Most of the rabbits survived the operation well and were kept for several 
days or weeks after the biopsy was performed. Rabbits that provided 
thymi and spleen were either non-treated controls or rabbits injected intra- 
venously with 10 ml. of horse serum several hours or days before they were 
killed. 

Two main types of preparations have been made throughout, namely, 
cultures in vitro that were fixed and stained later and also fixed stained 
imprints of cut surfaces of thymi and spleen. 

I. The cultures im vitro were made of a small explant, approximately 1 
cu. mm., of thymus or spleen placed on an ordinary glass slide in a drop of 
medium. The medium was either sterile, normal, neutral horse serum and 
Earl’s modification of Tyrodes solution 1:1 or serum from blood of the 
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donor animal and Earl’s solution 1:1. A 22 X 40mm. cover slip of 0 thickness 
was carefully placed over the drop. The cover slip was sealed on with hot 
paraffin and the preparation placed in an incubator of 37.5° C. or at room 
temperature. Whole human blood was cultured without extra medium in a 
vessel similar to the one used for thymus and spleen explants. 

The cells remain alive and undergo their normal development for several 
days in this way and the preparations can be examined from time to time 
under phase contrast or the ordinary microscope. The cultures were fixed 
at various intervals and later stained. 

The tissue culture procedure was carried out in a special room; sterile 
supplies were used under the usual routines employed for such work. 


II. The fixed stained imprints were made by gently pressing the cut 
surface of thymus or spleen against a clean glass slide and quickly fixing the 
imprint. The imprint procedure for whole blood in which a gelfoam sponge 
is used has proved useful as the blood cells are not damaged as they are with 
the smear technique. 


Fixation and Staining 

(a) Fixation with iodine vapor followed by May-Griindwald plus Giemsa 
stain has provided the best method for preservation of the cultured cells 
that were fixed wet. 

The same method is being used for some imprints of thymus and spleen 
and for blood smears and blood gelfoam imprints. 

(6) Fixation in methyl alcohol followed by May-Griindwald plus Giemsa 
stain, according to the technique used by Jacobson and Webb (19), to dis- 
tinguish the types of nucleoproteins is a second procedure for our imprint 
preparations. Tetrachrome stain in alcoholic solution has been used in a 
few cases for human blood smears. 

(c) The Feulgen nucleal technique to label the nucleoprotein desoxyri- 
bonucleic acid (DNA) was also used throughout. 

Zenker’s fluid was used as fixative but in two different formulas. 


Formula I. Mercuric chloride................. 5 gm. 
Potassium bichromate............. 2.5 gm. 
eT eer Peers 100 cc. 


Immediately before use glacial acetic acid (5 cc.) was added. 


Formula II. To 10 parts of formula I, one part 2% osmic 
acid in water and one part strong formalin 
was added just before use. 


(d) A second method to stain DNA specifically as used by DeLamater (2) 
has been employed lately with good results. The fixative was glacial acetic 
acid and alcohol 1:3. Hydrolysis was followed by thionin and SO, stain. 

Histochemistry by Pearse (30) has been used as reference for the techniques 
in (c) and (d). 

Over 1000 explants and several thousands of permanent slides have been 
made to date. 
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Cytogenesis of Blood Cells with Special Reference to Lymphocytes 
and Neutrophilic Leukocytes 


The typical small lymphocyte has very little cytoplasm and its structure 
is dominated by the nucleus, which can assume many and varied shapes 
during the cell’s amoeboid movements. Both in cultures im vitro and in 
fixed stained preparations, small lymphocytes, when extended, show a 
characteristic nuclear pattern of chromatin lumps within the nuclear mem- 
brane. These chromatin lumps behave as partially independent structures 
and will, in the following account, be referred to as the basic nuclear units 
(Fig. 1). When the small lymphocyte is rounded up or contracted, as it 
commonly appears in blood smears, the nucleus appears almost homogeneous 
and the basic nuclear units cannot be seen. At this time the cytoplasm 
forms a thin layer surrounding the nucleus (see Ham (16), Fig. 85). In 
cultures im vitro the main portion of the cytoplasm of the small lymphocyte 
forms a Y-shaped mass surrounding the posterior portion of the nucleus as 
the cell moves forward. In fact, as one observes lymphocytes of whole 
human blood, when they move in the plasma, one becomes impressed with 
the movements of the nucleus, whereas the cytoplasm appears rather inert 
as if it were pulled along by the amoeboid action of the nucleus. In fixed 
stained imprints of thymus or spleen, lymphocytes can appear almost as 
‘“‘naked”’ nuclei, and in blood smear preparations one can find small lympho- 
cytes that hardly show any cytoplasm at all. These almost “‘naked”’ nuclei 
have an affinity for similar nuclei and their amoeboid movements will bring 
them close to one another and soon an obvious contact, seemingly a fusion, 
is made (Fig. 2). It is mainly a contact between the two nuclei. 

At the time contact is being made, a projecting mass of nucleoplasm extends 
out from one nucleus to the other forming an internuclear bridge (Fig. 3, dr). 
Nucleolar bodies (Fig. 2, nu) leave the lymphocytes at this time and move 
out into the surroundings. Each nucleolus later can show a distinct pattern 
of small, even-sized masses, similar in shape to basic nuclear units. In fact, 
each nucleolus looks like a tiny lymphocyte but the “chromatin” instead 
of being red or blue is a pale but vivid blue when colored with blood stains. 
The vivid blue is the color usually exhibited by nucleoli in blood cells stained 
with blood stains. Fig. 5 gives scale to be used for Figs. 2-17 and 19-28 
inclusive. 

The fusion of the nuclei of the two lymphocytes is a permanent one that 
leads to the formation of a large cell. The basic nuclear units, which. are 
Feulgen-positive (Fig. 4), begin to divide at the time the two lymphocytes 
make contact. Several divisions result in an increase in the number of 
basic nuclear units but a decrease in the size of individual units. This latter 
observation can readily be verified by comparing Fig. 1 with Figs. 2, 3, 4, 
and 6. During the divisions, basic nuclear units elongate, forming long 
strands of chromatin with two bead-like enlargements that pass further and 
further away from each other and finally break apart (Figs. 2, 3, 4, and 6). 
The basic nuclear units may be mistaken for chromosomes, when they appear 
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as elongated strands, but they do not present a mitotic rhythm and each 
strand with its two bead-like enlargements behaves independently, dividing 
before or after other basic nuclear units. In lymphocytes cultured in vitro 
the elongating basic nuclear units can show writhing worm-like movements 
as they elongate parallel to the longitudinal axis of the cells. Twolymphocytes 
with their basic nuclear units elongating parallel to the longitudinal axis, 
such as have been described above but from an imprint of normal rabbit 
spleen, appear in Fig. 3. During their divisions the basic nuclear units move 
in such a way that they become distributed within the nuclear membranes 
into two main groups: a peripheral group that lies close to the peripheries of 
the two nuclear membranes and a central group that lies near the internuclear 
bridge (Figs. 3 and 6). The central group thus becomes surrounded by the 
peripheral group. A change in the substance of the basic nuclear units that 
form the peripheral group, so that the individual units become obscure and 
instead form a continuous, almost homogeneous, shell-like layer next to the 
nuclear membrane, soon causes the central group to be hidden from view. 
If the peripheral shell-like layer becomes damaged during the preparation of 
the slide, one can see the central group (Figs. 7 and 9) or the nucleoplasm 
(Fig. 12). The author believes that the peripheral shell-like layer is identical 
with the classical nucleus of the myeloblast. For illustrations of myeloblasts 
see Fig. 181, f.i., in Ham (16) or Figs. 1 to 41 in Downey (5). The peripheral 
layer (classical nucleus) remains plastic enough for a time to allow for great 
changes in shape as demonstrated in Fig. 7, numbers 1 and 2, and in Fig. 12. 
Formation of tube-like structures are possible (Fig. 8, tw) at this time. Stages 
similar to number 2 in Fig. 7 can be found in textbook illustrations, see f.i. 
‘primitive free cell’’ and ‘‘degenerating cell’ in Fig. 181 (16). 

In the elongated myeloblast (number 1 in Fig. 7) small, solid, odd-shaped 
bodies (te) can be seen inside the peripheral layer, which has been partially 
removed. These small bodies are developed from the central group of basic 
nuclear units. In cultures they have been observed many times emerging 
from the parent cell. At the time of emergence they have a shape as a 
capital Y where the stem and the one arm are approximately of the same size 
and the second arm is double the thickness and twice as long as the first 
(Fig. 7, te:). The Y shape, described above, is very similar to telophase 
stages of micronuclei from Paramecium bursaria shown in photomicrographs 
by Ehret and Powers (9). The small, Y-shaped bodies emerging from myelo- 
blasts become rounded up after a while and appear as very small (13-2) 
lymphocytes, which have been found in peripheral blood also. 

In many myeloblasts the peripheral chromatin layer starts to reorganize 
into granules (Fig. 9, gr). The formation of the granules is not a haphazard 
breakdown, but an orderly process. The granules appear in short rows of 
two, three, or four, similar in sizes to the basic nuclear units that formed the 
peripheral chromatin. The formation of granules has also been observed 
in living cells cultured zm vitro. The shell-like chromatin in Fig. 9 shows 
“the swiss cheese effect’? commonly associated with the ‘“degenerating”’ 
macronucleus of Paramecium. 
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Fic. 1. Living lymphocyte, surrounded by red blood cells in culture of human blood. 
mi-basic nuclear unit, mm—nuclear membrane. Fic. 2. Two lymphocytes that have 
made permanent contact, normal rabbit spleen. mu—nucleolus. pch—peripheral chro- 
matin. M.G + G. Fic. 3. Two lymphocytes establishing contact, rabbit spleen. 
br—internuclear bridge exposed. M.G+G. Fic. 4. Two lymphocytes with ‘‘fused”’ 
nuclear membranes, normal rabbit spleen. mi—two parts of a basic nuclear unit recently 
divided. Note small white spaces between other basic nuclear units that are products 
of a recent division. Feulg. Fic. 5. Photomicrograph of 10 yu scale. 

Photomicrographs. Neozet, Reichert, Phase microscope, oil imm. obj. 100, ocular 
10 used for Fig. 1, ocular 4X used for Fig. 18. 

Leitz ortholux microscope, oil imm. obj. 90, ocular 10 used for all other figures. 
Cine Kodak Special camera used for Fig. 18, Leica camera with Micro Ibso attachment 
for all other figures. 

M.G + G — May-Griindwald plus Giemsa stain. 

Feulg.—Feulgen nucleal stain. Thio—DeLamater stain. 
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PLATE II 





Fic. 6. Myeloblasts, rabbit spleen 48 hr. after intravenous injection of 10 ml. of 
normal, neutral, sterile horse serum. mi; and mis two basic nuclear units in division. 
pch—basic nuclear units close to nuclear membrane will form peripheral chromatin. 
Thio. Fic. 7. Myeloblasts, normal rabbit spleen, number 1 myeloblast is much 
extended. It contains products of central group of basic nuclear units fe, fe;._ Peripheral 
chromatin has become homogeneous, shell-like (ma) classical nucleus M.G + G. 
Fic. 8. Tube-like extension (tu) of myeloblast, normal rabbit spleen. mp/—granular 
nucleoplasm released from myeloblast. M.G+G. Fic. 9. Myeloblast, normal rabbit 
spleen. syn—two new nuclear structures derived from the central group of basic nuclear 
units. Peripheral, shell-like chromatin (ma) is reorganizing into granules. gr and 
is—inner, os—outer surface of peripheral chromatin. M.G + G. 
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The inner surface of the peripheral chromatin layer of the myeloblast 
begins to reorganize into granules first (Fig. 9, is and Fig. 12); later the outer 
surface (Fig. 9, os) also begins to form granules. Some of the granules may 
be released from the myeloblast but many remain in the nucleoplasm sur- 
rounding new lobulated nuclei (Fig. 9, syn) formed from the central group of 
basic nuclear units. Smear techniques destroy stages similar to the one shown 
in Fig. 9 and sectioning techniques would not be expected to preserve it 
either. It is a stage that appears to be of short duration but, by using the 
imprint technique, it has been possible to fix and strain such stages without 
destroying the identity of the peripheral chromatin and the central group 
that has given rise to two new nuclei which have a distinct lobulated appear- 
ance. Stages that follow the one shown in Fig. 9, but where the shell-like 
layer is lost and only its granules remain in the nucleoplasm, are numerous 
both in smear and imprint preparations. It has been observed in preparations 
of living myeloblasts that a mass of granular nucleoplasm becomes released 
now and again while the shell-like peripheral layer is still intact. Imprints 
show the tube-like extension of the myeloblast and the released granular 
nucleoplasm (Fig. 8, tu, pl). 

Stages following the one in Fig. 9 show that lobulated new nuclei elongate 
and divide forming several small nuclei. In cultures 2m vitro the small nuclei 
are seen, after a time, to extend a chromatin thread towards a similar small 
nucleus lying nearby and, in this way, establish contact with it. In smears 
and especially in imprint preparations these small nuclei can be observed 
forming groups of three, four, or five joined with their chromatin threads. 
The small, joined nuclei are similar to the nuclei of the neutrophilic leukocyte. 


From the above observations it is concluded that the cytoplasm of the 
neutrophilic leukocyte originates partly from the reorganized peripheral 
chromatin (classical nucleus) that forms granules, partly from the nucleo- 
plasm of the myeloblast; further, that the nucleus of the neutrophilic leukocyte, 
which is divided into lobes, originates from the basic nuclear units, which 
formed the central group in the myeloblast. According to the above con- 
clusions the neutrophilic leukocyte is mainly a nuclear product. 


The myeloblast, as has been shown here, can exist in stages possessing 
very little cytoplasm (Fig. 7, 1 and 2), but in textbooks the myeloblast is 
commonly shown as a cell with a well defined layer of cytoplasm (Fig. 181 
(16) and Figs. 1-41 (5)). In this connection it should be pointed out that 
myeloblast nuclei can change considerably in size and shape as has been 
shown earlier (Figs. 7, 8,9, and 12). These changes depend on the extensions 
and later contractions of the nuclear membrane and the whole nuclear structure. 
The movements of the nucleus of lymphocytes have been described earlier. 
The movements of the fused nuclei of the two lymphocytes that form the 
myeloblast are also very striking. During nuclear extensions, vesicles form 
in the nucleoplasm and are later released (Fig. 14, ve, rve) during contractions 
or during periods of movements from place to place. Spiral path movements 
of myeloblasts were first described by Lewis (23). Fig. 16 shows a myeloblast 
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that was fixed while extended and moving in a spiral fashion in human blood. 
This myeloblast exhibits very little cytoplasm. The author has observed 
contractions of large nuclei in living blood cells. Before the contraction a 
thin layer of cytoplasm covered the nucleus. During the contraction nucleo- 
plasm and small nuclear granules from the basic nuclear units were released 
by the nucleus. When the contraction stopped, the nucleus was less than 
half the original size but was surrounded by a large mass of ‘“‘cytoplasm’’. 
These contractions can take less than one minute. During contractions, 
movements are too fast for still photography. When two such stages of the 
same cell have been observed in fixed stained preparations in the past, they 
have been given entirely different names. Further details about classical 
cell types that have been observed to produce “cytoplasm” by nuclear 
contractions will not be dealt with at this time but the phenomenon is men- 
tioned here in order to point out that myeloblasts, either extended or con- 
tracted and possessing small or large amounts of cytoplasm, are stages of the 
same cell, a short span of time apart. 

When lymphocytes are found in blood plasma or other fluid media under 
natural conditions or in cultures im vitro they can elongate into long spindles 
(Fig. 13). One end of an extended lymphocyte reaches the extended end 
of a similar cell and the tips of the spindles hook around one another (Fig. 
13, f). Then the two cells move closer together. Lymphocytes, whether 
large or small, behave similarly and, as two joined cells come closer together, 
they appear in the shape of a figure eight. In Fig. 10 two such cells from a 
human blood smear can be seen. The layer of cytoplasm around the two 
fused nuclei have been spread out owing to the smear technique. In Fig. 11 
two nuclei that are both enclosed in the same mass of cytoplasm are shown. 
Figs. 10 and 11 are from the same individual but from blood smears taken 
with an interval of several months. 

On the evidence presented here it is suggested that the smallest lymphocytes 
(13-2) develop from the central basic nuclear units of certain myeloblasts 
and that the nucleus of neutrophilic leukocytes develops from the central 
basic nuclear units of other myeloblasts. 

The smallest lymphocytes (13-2) unite or fuse to form the common 
small lymphocyte (4-6), which, in turn, fuses with a similar cell to form a 
myeloblast. The author believes that the observations presented here not 
only support Downey’s claim (5, 6) that the myeloblast and the hemocytoblast 
are “‘polyvalent large lymphocytes’, but also explains the relationship 
between these cells. 


Blood Cell Cytogenesis in General 

It has been shown here how the two most common blood cells, the neutro- 
philic leukocyte and the lymphocyte, can originate from the myeloblast. 
In peripheral blood the neutrophiles appear normally as about 68-70% of 
the white cell population; the lymphocytes form 20-30% of the white cell 
population. The smallest lymphocytes (14-2), which are the direct product 
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Fics. 10 anpD 11. Blood smears from same individual taken several months 
apart. Fic. 10. Fused lymphocytes pulling closer together (not amitosis). M.G + G. 
Fic. 11. A later stage of fused lymphocytes where both nuclei are within a common 
mass of cytoplasm. Alcoholic tetrachrome stain. Fic. 12. Myeloblast from human cul- 
tured blood. The peripheral chromatin (classical nucleus) has broken so the granular 
nucleoplasm, which will form the cytoplasm of a young granulocyte, can be seen. M.G 
+ G. Fic, 13. Lymphocytes from normal rabbit spleen. Two elongated spindle- 
shaped lymphocytes are fusing at the ends (f). When contact is established they will 
pull closer together in a manner similar to cells in Fig. 10. Feulg. 
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Fics. 14 anp 15. Myeloblasts from rabbit spleen, 48 hr. after injection of 10 ml. 
horse serum. Three myeloblasts in Fig. 14 from left to right show partially extended, 
contracted, and an intermediate stage. The myeloblast on extreme right has a double 
basic nuclear unit within a cone or bulge of the nuclear membrane (sy). sp—spear-like 
extension of peripheral chromatin. /¢u—tube-like extension of the nuclear periphery 
which allows the vesicles (ve) to escape (rve). rsy—a released double basic nuclear unit. 
In Fig. 15 the spear (sp) is extended. Fig. 14.M.G+G. Fig. 15. Thio. 
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of the central group of basic nuclear units of the myeloblast appear, however, 
originally in much greater numbers than the peripheral blood count indicates. 
The early fusions of the smallest lymphocytes with other similar cells to build 
up the common small lymphocyte (4-6) reduce the original number quickly. 

The eosinophilic and basophilic granulocytes are produced from myelo- 
blasts but their creation appears more complex than the one observed for 
neutrophiles and will not be dealt with at this time. 

As already mentioned, fusions of lymphocytes appear even in the blood 
stream. The author believes the monocyte is also a fusion product and that 
the origin of all modifications of blood cells will eventually be explained on 
the basis of nuclear association and fusions and the behavior of the basic 
nuclear units. 


Release of Basic Nuclear Units from the Surface of 
Lymphocytes and Myeloblasts 


Every time lymphocytes and myeloblasts from thymi of birds and mammals, 
including man, have been cultured in foreign serum, the basic nuclear units 
of a great number of cells eventually collect near the nuclear membrane and 
become released to the surrounding medium. Lymphocytes and myeloblasts 
from spleens of birds and mammals behave in the same manner when cultured 
in foreign serum. Human spleen has not been used. 

The phenomenon can also be produced in vivo by injecting rabbits intra- 
venously with 10 ml. of normal, neutral, sterile horse serum. The rabbits are 
killed about 48 hr. after the injection, the thymi and spleens removed quickly 
and sectioned, the cut surfaces of the sections gently pressed against clean 
slides, and the ‘“‘imprints’’ fixed quickly in methanol or acetic alcohol 1 : 3 
and later stained respectively with May-Griindwald plus Giemsa and 
DeLamater’s (2) thionin and SO, method. In such preparations beautifully 
fixed, stained examples of the phenomena associated with reaction to foreign 
serum can be obtained (Figs. 14,-15). 

If small fragments of spleen are taken from rabbits 48 hr. after injection 
of 10 ml. of horse serum and placed on sterile slides in a drop of horse serum 
and Earl’s solution 1 : 1, covered with a cover slip of 0 thickness, which is 
sealed on with hot paraffin, many cells will immediately show the phenomenon 
described in the following (Fig. 18). 

Viewed with phase contrast, myeloblasts can readily be recognized by 
their spiral path movement (Fig. 16). Eventually the movement stops and 
the cell, which appears to have very little cytoplasm, lengthens (Fig. 14, left). 
Actually it is the nucleus that extends in length; when it is fully extended it 
appears as a figure eight with both ends rounded off and separated by an 
indentation in the middle of the cell. Whitish “canals” and vesicle-like 
areas appear in the nucleoplasm. When the ‘‘canals’’ and “vesicles” appear, 
the basic nuclear units will soon start to divide (Fig. 14, left). 

After one division of each basic nuclear unit, the cell contracts (Fig. 14, 
middle) and appears to stay quiescent for some minutes, then it lengthens 
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again, ‘‘canals”’ and ‘‘vesicles’”’ form in the nucleoplasm, and the basic nuclear 
units divide again. After at least two divisions certain of the basic nuclear 
units now lie close to the nuclear membrane. These basic nuclear units 
soon start a third division during which they move back and forth close to 
the inner surface of the nuclear membrane as if they were hammering against 
it. The nuclear membrane soon forms a bulge or cone and the dividing 
basic nuclear unit moves into this bulge (Fig. 14, right, sy). The third 
division is peculiar in that the two products of the division do not part but 
remain together and are later released from the parent cell together (Figs. 
14 and 15, rsy). The cone of nuclear membrane soon lengthens and becomes 
a tube, thus carrying the double basic nuclear unit away from the parent 
cell. The tube formed by the nuclear membrane pushes the cytoplasm of 
the cell periphery ahead for a time, then breaks through the cytoplasm and 
lengthens to 20-40 uw. The double basic nuclear unit does not seem to develop 
further on its own in cultures 7m vitro, but soon fuses with a similar double 
structure, forming a small transparent cell. Four, possibly three, newly 
released double basic nuclear units can unite and form larger cells in cultures. 
The chromatin in these new cells soon appears as individual basic nuclear 
units each of which is made up of several small chromatin granules that will 
be described later (p. 718). At the time the double basic nuclear unit is 
moving away from the parent cell in a culture it appears similar in form to 
a giant spermatozoon with an oval nuclear ‘“‘head”’ about 2—23 yw long tapering 
into a long thread-like “‘tail’’ formed of the stretched tube of the nuclear 
membrane. 

Yasuzumi et al. (42) describe a ‘“‘metabolic’’ chromosome isolated from rabbit 
leukocyte nuclei consisting of an oval part (0.6 to 2 w) and a thread-like 
part 20-30 w long. He shows an electron photomicrograph of this chromo- 
some. The similarity between the giant spermatozoon-like structure above 
and the “‘chromosome’”’ of Yasuzumi should be noted. 

Under the influence of foreign serum, the peripheral chromatin forms indi- 
vidual spear-like extensions, Fig. 14, sp, that can be slung out (Fig. 15, sp). 
The spear is located close to the double basic nuclear units and may aid in 
carrying it away from the mother cell (Fig. 15, rsy). 

The tip of the spear breaks off and becomes amoeboid and later fuses with 
other cells (Fig. 20, sp). One may expect that one of the features of the 
“rapid disintegration” reported in the literature is the production of many 
free double basic nuclear units such as described above. 

The long extension of the nucleus that is left when the spear is released 
becomes coiled around the main portion of the nucleus. The outer nuclear 
structure changes in consistency becoming homogeneous and later forms 
large granules that become part of certain granulocytes. The more one 
observes blood cells the more impressed one becomes with their marvellous 


economy. 
Lymphocytes from rabbits not injected with foreign serum but serving as 
controls as well as those from other normal animals do not appear to display 
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the release of basic nuclear units from the cell surface such as described above. 
When lymphocytes from normal animals are cultured in foreign serum, 
they soon display the phenomenon however. 

Lymphocytes from leukemic mice of the AKR strain will quickly produce 
a great many free double basic nuclear units when cultured in foreign serum 
(Fig. 18, 1-4). In leukemic mice of the AKR strain this phenomenon appears, 
however, to be normal and it is found readily in lymphocytes of fixed, stained 
imprints (Fig. 17, sy). 

Fig. 18 is composed of two frames from a movie record of a culture in 
vitro of thymus of an AKR mouse in foreign serum and photographed with 
phase. The structure labelled number 1 shows the outermost of the double 
basic nuclear unit that is ready to be released. Number 2 shows the double 
structure in side view just as it is being released. The difference in shape 
and size of the two parts and the similarity to an identical structure in Fig. 
17, sy should be noted. In Fig. 18, number 3, the cone of the nuclear mem- 
brane surrounding the double basic nuclear unit can be seen as a white ring. 
Fig. 18, number 4, shows yet another focus of the above structure at the time 
it becomes free. Richter (33) showed in a phase photomicrograph in 1955 
‘“‘a spherical duplex golgi body” in a living lymphocyte. The similarity 
between Richter’s ‘‘golgi body’”’ and the structure shown in number 4 above 
is striking. The phenomenon of development of a double basic nuclear 
structure under influence of foreign serum in lymphocytes and myeloblasts 
resembles in part a process of self-fertilization or autogamy in Paramecium 
aurelia (Diller 1934) Wenrich (38), Fig. AE, and Wichterman (40), Fig. 101. 
In autogamy the third micronuclear division produced two pronuclei each 
from separate micronuclei but within one Paramecium. The two pronuclei 
fuse in the paroral cone, the two fused pronuclei produce a synkaryon that 
divides, forming two micronuclei. 

The cone or bulge formed of the nuclear membrane of lymphocytes and 
myeloblast and its relation to the double basic nuclear unit have at least a 
morphological resemblance to the paroral cone in Paramecium. The 
phenomenon observed in blood cells may have, however, a closer resemblance 
to cytogamy, which according to Wichterman (40) is a “sexual process in 
joined Paramecium caudatum which appears to be intermediate between 
true conjugation on one hand and autogamy on the other (Figs. 103, 105, and 
106). The process resembles conjugation since two ciliates join together 
along their oral surfaces and three micronuclear or pregamic divisions occur 
as in conjugation but there is no nuclear exchange between the members of 
the pair. Instead, the three micronuclear divisions lead to the formation of 
the gametic nuclei but a synkaryon is established in the same individual as 
in autogamy.” 

It has been shown above that, under influence of foreign serum, the divisions 
and behavior of the basic nuclear units are interfered with in such a way 
that certain nuclear units are released from the parent cell in a manner different 
from the normal. It has also been shown that lymphocytes from leukemic 
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(AKR) mice normally release nuclear units in a manner similar to the one 
caused by foreign serum on lymphocytes from normal, healthy animals. 
It has been observed that certain basic nuclear units in developing lympho- 
cytes of the leukemic mice do not stain normally with the Feulgen nucleal 
stain, but appear degenerative. This degeneration of certain basic nuclear 
units may mean that the genetic complex of the lymphocytes has been altered. 
According to these observations the author believes that modifications in 
blood cell cytogenesis caused by foreign protein, hormones, chemical sub- 
stances, or genetic changes would be better understood if we knew the effect 
of these factors on behavior of the basic nuclear units of lymphocytes. 


The Morphology of the Basic Nuclear Units at Different Stages 
of the Lymphocytic Life Cycle and the Relation to 
Mitotic Phenomena 


It has already been mentioned that the basic nuclear units pass through 
several divisions and that resulting nuclei also divide. It is obvious therefore 
that the life cycle of the basic nuclear units is fairly long and complicated 
as well as associated with several cell stages. 

During the life cycle of lymphocytes, the size ranges from single, new, 
small cells about 1} to 2 uw in size to their complex multifusion product the 
myeloblast, which is about 8-20 uw or more depending on whether it is ex- 
tended or contracted when observed. Sizes are only approximations because 
the cells stretch and contract readily. The lymphocyte and the myeloblast 
are connected through a series of fusion products that are multiples of the 
original new smallest lymphocyte. The most striking variation in the basic 
nuclear units is the variation in size and arrangement of the chromatin 
complement. In the centrally located basic nuclear units the smallest 
chromatin granule is about } uw long and wide (Fig. 19, cm). This chromatin 
granule appears to be a basic unit of chromatin that could be compared 
with the chromatin granules in the prophase of the first meiotic division of 
the ciliate Euplotes patella described by Turner (36) in 1930. Turner found 
the chromatin granules usually arranged in eight groups. He considers the 
granules to be chromomeres. In the anaphase the chromatin is still in the 
form of chromomeres. In the next division four pairs of chromatids appear. 
Wenrich (38), in reviewing Turner’s paper, states that ‘presumably each 
pair is derived from four chromomeres. If the chromatin bodies which 
appear during the first maturation division are chromomeres, it is possible 
to fit the whole series of divisions into a scheme comparable to that in the 
metazoa.”’ 


The 3 w chromatin granules of lymphocytic basic nuclear units have arisen 
from transverse sections of larger structures that appear as thick chromosomes 
and are shown in Fig. 19, cs. The chromosomes in Fig. 19, cs, are aggregates 
of chromomeres arranged as beads on a string. Chromatin units about } yu 
wide and long appear also in small cells from peripheral blood of persons that 
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Fic. 16. Blood smear, normal human. Myeloblast shows a long extension and spiral 
twist. M.G+ G. Fic. 17. Lymphocytes from thymus of leukemic mouse. Double 
basic nuclear unit being released—sy. co—cone or bulge of nuclear membrane into 
which a double basic nuclear unit moves before becoming free. mi—basic nuclear 
units in the solid state, some are beginning to divide. Feulg. Fic. 18. Living 
lymphocytes from thymus of leukemic mouse cultured in vitro in horse serum and saline: 
1.1. Note many double basic nuclear units. Number 1 shows the outermost of the 
double basic nuclear unit in vertical aspect. Number 2 shows the double structure in 
lateral aspect just as it is being released. In numbers 3 and 4 the circumference of the 
cone of the nuclear membrane isin view. Twoframes. Phase. Eight frames per second. 
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Fics. 19 AND 20. From same spleen as Fig. 15. Divisions of basic nuclear units, 
showing the microunit, the chromomere—cm, cs—chromosomes, dmi—degenerating 
chromomeres forming peripheral chromatin, (me) metaphase and (am) anaphase showing 
chromomeres. A free spear has attached itself to the periphery of a cell (sp). Thio. 
Fics. 21 AND 22. Smears of human peripheral blood from a person exposed to deep 
X-ray therapy. Basic nuclear units have broken down to (cm) chromomeres, some of 
which are free in the plasma or adhering to red blood cells. M.G + G. 
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have been exposed to deep X-ray therapy (Figs. 21, 22, and 23). Chromatin 
granules appear outside lymphocytes also under such conditions, as well as 
adhering to red blood cells, and the transverse division affected by radiation 
produces (Fig. 22, cm) granules similar to those found in central basic nuclear 
units in division (Fig. 19, cm). In normal human blood, monocytes and 
lymphocytes release basic nuclear units with chromatin granules into the 
plasma (Figs. 24 and 26). 

In cultures in vitro of rabbit and chick thymus and spleen, one can observe 
small chromatin granules that later fuse two and two. The size of these 
chromatin granules is about the size of 4 wu. It seems certain that the } wu 
granule of chromatin is a basic microunit of the basic nuclear units of 
lymphocytes and might rightly be called a chromomere. 

Only certain basic nuclear units survive to take part in the formation of 
new nuclear units (Fig. 19, cm). The rest of the basic nuclear units appear 
to degenerate and gradually fade out as they become incorporated in the 
peripheral chromatin (Fig. 19, dmi). In some free basic nuclear units of 
the blood stream (Figs. 24, 25, and 26) a fading out of the chromatin is 
apparent. These free, pale, basic nuclear units show a similarity to blood 
platelets. 

The 4 uw chromatin granule appears in earlier stages than the one shown in 
Fig. 19. In (Fig. 20, me, an) the metaphase and anaphase complements of 


different basic nuclear units clearly show the } uw chromatin granules. 


In stages before divisions the basic nuclear units appear as solid lumps 
of chromatin (Figs. 1 and 17). When basic nuclear units are newly formed 
they appear as solid odd-shaped structures (Fig. 7, te and te;). 

Under the influence of foreign serum (Fig. 14) the solid large lumps of 
chromatin are maintained. The basic nuclear units that divide in lymphocytes 
forming contact still appear as small condensed lumps of chromatin (Figs. 
2 and 4). 

In fixed, stained imprints of thymus and spleen of normal animals as well 
as in leukemic mice, groups of very large chromosome-like structures appear 
now and again (Figs. 27 and 28). Each individual “‘chromosome’”’ appears 
to have as much chromatin as one individual basic nuclear unit. The large 
“‘chromosomes’”’ lie either in a group with no apparent cytoplasm enclosing 
the group (Fig. 27) or in a ring-like ‘‘metaphase”’ surrounded by cytoplasm 
(Fig. 28). In Fig. 27 ‘wandering chromosomes’’ can be seen caught in amoe- 
boid movement, others are strands of smaller chromatin granules similar to 
chromomeres, again others are lumps of chromatin similar to basic nuclear 
units in the solid form. Although “anaphase” and “telophase”’ stages of the 
large chromosomes can be seen now and again, there is evidence that these 
stages happen before the ‘‘metaphase”’ and that the apparent telophase and 
anaphase stages finally collect into the ‘‘metaphases’’. The author believes 
that the large ‘‘metaphase’’ groups of ‘‘chromosomes”’ gather from several 
cells that lie close together while the individual basic nuclear units first form 
large ‘‘chromosomes’”’ (“‘telophases’’); these groups of large ‘‘chromosomes”’ 
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approach similar groups (‘‘anaphase’’) and finally they all collect in the 
“metaphase” stage. Further, the ring-like metaphases often appear angular 
or triangular, each side representing one of four or three separate groups of 
“chromosomes”. Some ‘‘metaphase chromosomes’’ fade out, become less 
and less Feulgen positive, and finally disappear. Other of these large 
‘‘chromosomes’”’ may move away and again become free basic nuclear units 
that can start the fusion process over again and form new small lymphocytes. 
La Cour (22) mentions having seen two hypoploid proerythroblasts in blood 
cells of man, each with 16 chromosomes. La Cour also mentions ‘‘breakdown 
of mitosis’ and that “supression of anaphase movement gives tetraploid 
giant cells’. He further remarks ‘‘that hypoploid cells undergo further 
mitosis, which the tetraploid cells fail to do”. The evidence he presents 
indicates that the mitosis he studied cannot be considered normal but appears 
similar to the behavior of the large “‘chromosomes’”’ described in this paper. 
Kinosita et al. (20) demonstrated ‘“‘meiotic-like’’ divisions in normal myelo- 
cytes. Maximow (27) observed ‘‘complex spindles with several poles’, 
also that “the chromosomes are arranged in several equatorial planes and 
give rise to several daughter nuclei’. Maximow does not present an illus- 
tration for these observations and one wonders if he did not see stages such as 
illustrated in Fig. 20 of this paper. Maximow’s illustrations of mitosis in 
blood cells show considerable variation in the size of the chromosomes. This 
variation, never heretofore accounted for, is easily understood on the basis 
of the behavior of basic nuclear units, as reported in the present paper. 

If one takes into account the variation in size of chromatin bodies partici- 
pating in the stages of the life cycle of the basic nuclear unit and regards the 
4 uw chromatin granule as a basic microunit and other larger chromatin bodies 
as aggregates of the basic microunit, the behavior can be followed and 
understood. 

In this connection it should be mentioned that Devidé and Geitler (3), 
who worked on chromosomes in ciliates, found as reported by Wenrich (38) 
that ‘‘chromosomes of euciliates in the earlier literature are not and cannot 
be chromosomes but chromosome aggregates, the transverse division of 
which, so far as it occurs, and the inconstancy of shape and number, do not 
present any problem to modern karyology”’. 

The chromatin conditions reported in this paper thus seem to run parallel 
to the conditions reported for ciliates. Nuclear fusions of lymphocytes 
provide the necessary conditions for the life cycle of basic nuclear units. 

It has been observed during this investigation that repeated nuclear fusions 
of “mesenchymal” nuclei containing small chromatin bodies will build up a 
fusion product where the chromatin bodies eventually are similar in size to 
basic nuclear units in small lymphocytes. In fact the final nuclear fusion 
product is a small lymphocyte. 

On the evidence presented here it is suggested that nuclear fusions and the 
behavior of basic nuclear units may be found to form a ‘‘micronuclear bridge”’ 
from lower to higher animals. 
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PLATE VII 





Fics. 23 AND 25. Blood smears from same individual as Figs. 21 and 22. A spindle- 
shaped basic nuclear unit (mz) is free in the plasma in Fig. 23. In Fig. 25 a lymphocyte 
is releasing basic nuclear units. M.G + G. Fics. 24 anp 26. Blood smears from a 
normal human. Basic nuclear units released from lymphocyte in Fig. 24 show a fading 
out of the micromeres and a resemblance to blood platelets. A monocyte is releasing 
basic nuclear units in Fig. 26. M.G + G. 
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Fic. 27. ‘Giant chromosomes’ from normal rabbit spleen. Basic nuclear units, 
mi—in the usual solid form, ami—in amoeboid form, in thin strands of chromomeres— 
cm, resembling chromosomes. M.G + G. Fic. 28. ‘‘Giant chromosomes”’ (group of 
basic nuclear units) in ring-like “metaphase” from normal rabbit thymus. M.G + G. 
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The Importance of the Nucleus of Blood Cells in the Release of 
Substances to the Environment 


It has been shown earlier that the nuclei of lymphocytes and myeloblasts 
behave in a dynamic manner both in respect to locomotion, to changes in 
size and shape, and to release of intranuclear substances. 

It was pointed out that the cytoplasm of the neutrophilic leukocyte 
originated from the nucleoplasm of the myeloblast. It was suggested that 
differences in amount of cytoplasm around nuclei of myeloblasts depended 
on the state of extension or contraction of the nucleus. It was recorded 
that contractions of living cells that had large nuclei surrounded by a small 
amount of cytoplasm produced in less than a minute a very different large 
cell with a large amount of cytoplasm and a small nucleus. The increase in 
cytoplasm originated directly from intranuclear substance. Some time 
later the cytoplasm becomes dispersed leaving the ‘‘shrunken’’ nucleus 
almost without cytoplasm. 

Cellular hyperplasia in lymph nodes after a single injection of bovine 
albumen was reported by McNeil (24, 25); further, that antibody appeared 
in the blood stream immediately after the hyperplasia of lymphoblasts and 
coincidental with the peak of plasma cell hyperplasia. Fagraeus (13) showed 
that presence of antibody was associated with presence of “the immature 
plasma cell’, a large cell with pale nucleus and dark basophilic cytoplasm. 
Sunberg (34) suggests ‘‘that precursors of plasma cells contain large amounts 
of antibody and that when plasma cells and their precursors are virtually 
absent, antibody production is not possible’. ‘‘The immature plasma cell’’, 
the lymphoblast, and the plasma cell, the author believes, are modifications 
on the life cycle of lymphocytes. The hyperplasia that has been observed 
by the author when blood cells were cultured in foreign serum has been mainly 
of intranuclear origin. It is therefore suggested that the role of the nucleus, 
besides maintaining the reproductive organelles, the basic nuclear units, is 
of great importance when distribution of substances by blood cells is to be 
considered. 
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NOTES 


A PRELIMINARY REPORT ON THE BIOLOGY OF 
TOXOCARA CANIS (WERNER, 1782) 


By GtoriaA A. WEBSTER 


Within recent years considerable attention has been focused on host-foreign 
nematodes, particularly on their ability to cause disease in man. Reports of 
liver necrosis, respiratory ailments, and eosinophilia, in association with 
Ascaris lumbricoides infections, are not rare, since the liver-lung migration 
in man is a normal phase in the life history of this parasite. However, Beaver 
et al. (1) found Toxocara larvae in the liver of a young child who showed 
symptoms similar to those found in A. /umbricoides infections. The phrase 
“‘visceral larva migrans’’ was adopted by Beaver to designate this syndrome, 
which results from the migration of non-human species of nematodes through 
human tissue. 

In view of the role played by Toxocara canis in visceral larva migrans as 
well as for reasons of economic importance to dog breeders, a study of the 
biology of T. canis was undertaken. The main objectives of the investigation 
are: to determine the migration routes—normal and somatic—in both the 
definitive and abnormal hosts, to study the morphology of the larval stages, 
to note pathological changes as a result of migration, and finally, to consider 
prenatal infection, how it is accomplished, what factors are necessary or 
responsible for its occurrence, and the importance of this type of infection 
in dispersion. 

The basic migration route of terrestrial ascarids has been well established 
in the definitive host. The divergence, however, of some of the larvae of 
certain species from the normal migration pattern has been recognized and 
correlated with the behavior of these same larvae in abnormal hosts. Previous 
investigators have determined that the liver—lung—trachea—oesophagus 
migration is the main path for larvae returning to the intestine. The results 
of this investigation with dogs indicate that the liver-lung migration is an 
essential step and is not bypassed by larvae destined for a somatic existence. 
This conclusion is based on the observation that from none to very few 
larvae are recovered from the kidneys and muscles during the first week of 
infection, the number gradually increasing after this period. 

There is a tendency for a more marked somatic migration in female dogs 
than in males. One possible explanation for this is that the physiology of the 
female, in particular the endocrine balance, is less favorable for the return of 
the worms to the intestine. Larvae collected from the diaphragm, muscles, 
and kidneys correspond in size and morphology to those found in the lungs. 
Larvae are never found in the body cavity and the exact mechanism of the 
migration to the muscles has not been determined. 
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All stages of larval development have been collected from a single individual 
by the repeated feeding of eggs at timed intervals. No difficulty has been 
encountered in obtaining infections of both larval and adult worms by feeding 
large doses of eggs to dogs from six weeks to six months of age. 

Although the occurrence of prenatal infection with JT. canis is noted 
frequently in the literature, the method by which this is accomplished has 
not been discussed. Experiments have shown that prenatal infection does 
not occur in certain other species of ascarids (3) with A. lumbricoides and 
(4) with Toxocara cati. 

Two avenues of approach have been followed in this study. First, on the 
hypothesis that infection results from the ingestion of eggs by the bitch at 
some time during pregnancy, female mice were bred and subsequently given 
doses of eggs orally; during the first, second, and early part of the third week 
of gestation, second-stage larvae of 7. canis were found in their litters in all 
cases. 

The second approach is concerned with the larvae which migrate into the 
somatic tissues. Experiments show that greater numbers of larvae migrate 
into the tissues of female than male dogs, suggesting that the encapsulated 
T. canis larvae are connected with prenatal infection. Mice which had 
been infected with T. canis eggs and allowed to remain for a period of time 
were bred and the litters examined for larvae. In one case a few larvae, still 
in the second stage, were recovered; all others were negative. 

The results of a recent survey on the incidence of 7. canis in 1294 dogs by 
Ehrenford (2) further support this work by showing that 9.4% females and 
32.8% males were infected with adults and, moreover, that females from six 
to 36 months of age exhibit a marked resistance to infection, whereas males 
show relatively no immunity up to 36 months of age. 

This paper represents only a preliminary account of work which is presently 
in progress. A complete and detailed report will be published subsequently. 
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